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FOREWORD 


The  need  for  ships  and  oil  well  drilling  equipment  to  operate  in  the  extremes 
of  polar  climates  has  given  emphasis  to  the  need  for  high  toughness,  weldable 
steels.  Important  weight  savings  become  available  where  designs  currently  use 
normalized,  medium  strength,  low  alloy  steels.  Significant  cost  savings 
become  available  if  the  new  steels  permit  higher  production  rate  welding  in 
heavy  fabrication. 

One  of  the  objectives  of  this  study  was  to  procure  plate  sections  of  ASTM  A710 
steel  in  yield  strength  levels  of  80  KSI  (80,000  pounds  per  square  inch)  and 
also  ASTM  A710  modified  in  chemistry  to  yield  strengths  of  100  KS  I  minimum 
yields.  Plates  to  over  5  inch  thick  in  both  strength  levels  were  procured  and 
welding  was  performed  to  evaluate  producibility  for  shipbuilding  and  marine 
structures.  Effects  of  high  heat  welding  on  heat  affected  zones  (HAZ) 
toughness  was  of  primary  interest. 

Conventionally  used  quenched  and  tempered  steels,  such  as  HY80  and  HYIOO, 
require  preheat  and  interpass  temperature  controls  during  welding  of  plates 
thicker  than  1/2  inch  to  prevent  cracking  and  loss  of  toughness  in  weld  metal 
and  in  base  metal  HAZ.  The  problem  is  more  severe  with  greater  thickness  in 
welded  structures.  High  strength  low  alloy  steel  with  added  copper  for 
precipitation  strengthening  (aging)  and  added  nickel  for  toughness,  has  been 
developed  and  is  available  in  plates  as  ASTM  A710  in  several  grades.  This 
material  has  excellent  low  temperature  toughness  and  unique  resistance  to  HAZ 
embrittlement  and  hydrogen-induced  cracking,  even  with  little  or  no  preheat 
for  welding. 
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With  minor  variations  in  chemistry,  ASTM  A710  has  been  qualified  and  approved 
for  use  in  U.S.  Navy  hull  structures  in  thicknesses  up  to  1-1/4  inches  at 
80,000  psi  minimum  yield  strength;  yield  strength  of  100  KSI  with  equal 
weldability  is  a  goal. 

In  this  project  the  80  KSI  steels  up  to  6  inches  thick  were  tested  in  Phases  I 
and  II.  Some  plates  were  welded  prior  to  age  hardening.  In  phases  III  and 
IV,  100  KSI  yield  strength  steels  were  aged  prior  to  welding. 

Welding  processes  used  were  those  most  generally  applicable  to  shipbuilding, 
including  shielded  metal  arc  (SMAW),  submerged  arc  (SAW),  including  narrow  gap 
(ng  snaw)  ,  and  gas  metal  arc,  including  pulsed  arc  (GMAW  and  PGMAW)  . 

In  some  test  assemblies  the  weld  processes  were  intentionally  pushed  to 

relatively  high  heat  input  parameters  to  investigate  the  tolerance  of 
ASTM  A710  and  modified  ASTM  A710  to  high  production  rate  welding.  Little  or 
no  preheat  and  interpass  temperature  controls  were  used  to  see  if  these  costs 
could  also  be  avoided  in  production. 

Electroslag  welding  (ESW) ,  although  not  widely  used  in  U.S.  shipbuilding,  is 
an  extremely  high  production  rate  process  but  also  results  in  extremely  high 
heat  input  and  it  adversely  affects  adjacent  base  metal  properties  of  higher 
strength  steels.  One  test  assembly  was  electroslag  welded  to  evaluate  the 
effect . 

The  times  and  temperatures  used  for  precipitation  hardening  the  various 
thicknesses  and  the  resulting  base  plate  physical  properties  are  tabulated  in 
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the  report.  This  information  wrll  provide  useful  basic  data  for  future 
reference  in  research  with  these  materials. 

The  welding  and  testing  of  Phases  I  and  11  demonstrated  that,  even  with  tandem 
sub  arc,  heat  inputs  totalrng  over  150  kilojoules  per  inch,  no  base  betal  or 
HAZ  cracking  resulted.  The  practical  limits  of  heat  rnput  were  exceeded 
(intentionally)  as  evidenced  by  centerline  cracking  when  heat  input  exceeded 
250  kilojoules  per  inch.  Typical  HAZ  charpy  V-notch  values  for  various 
processes  and  heat  input  levels  were  well  above  50  lbs  at  40  degrees  F  and 
consistently  greater  than  70  percent  of  base  plate  values  for  plates  aged 
prior  to  welding. 

The  all-weld  metal  and  charpy  V-notch  (CVN)  test  results  are  included  in 
copies  of  test  reports  in  the  appendices  for  all  test  assemblies.  All  weld 
metal  tensiles  exceeded  80  ksi  yield  strength  and  consistently  retained 
toughness  (CVN)  values  greater  than  the  20  ft-lb  at  40  degrees  F  for  80  ksi 
yield  steel,  specified  by  the  American  Bureau  of  Shipping  for  mobile  offshore 
drilling  units. 

A  comprehension  overview  and  important  test  data  for  Phases  I  and  II  is 
presented  in  Appendices  C  and  D  which  constitute  part  of  this  project  report. 
Some  data  on  the  higher  yield  strength  modified  steel  used  in  Phases  III  and 
IV  is  included  in  Appendix  D  which  is  an  interim  report  on  the  project. 

The  steel  under  evaluation  in  Phases  III  and  IV  was  modified  to  100  ksi  yield 
strength  in  thicknesses  from  3/4  inch  to  5  inch.  Manganese  was  added  up  to 
1.7  percent;  molybdenum  was  upped  to  0.5  percent;  aluminum  to  0.65  percent  and 
a  trace  of  boron  was  allowed.  Chromium  was  reduced  to  0.10  percent. 
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The  welding  consumables  were  selected  by  reference  to  vendor  data  sheets  for 
high  strength  steels.  Welding  processes  were  Shielded  Metal  Arc,  Gas  Metal 
Arc,  single  and  tandem  sub  arc,  and  electroslag.  The  electroslag  welding  was 
done  on  3/4  inch  thick  plate  for  a  case  of  extreme  high  heat  input. 

Tolerance  of  the  steel  to  a  wide  range  of  weld  heat  input  values  was 
exhibited.  There  was  no  visible  evidence  of  production  of  brittle  phases  and 
no  cracking  in  base  metal  or  HAZ .  In  general,  there  was  good  retention  of  HAZ 
toughness.  However,  the  electroslag  process  did  cause  severe  loss  of  both 
weld  metal  and  heat  affected  zone  toughness  -  not  a  surprising  result  since 
the  heat  input  was  over  5,000  Kilojoules/inch. 

The  Charpy  V-notch  tests  were  made  at  -60  degrees  F  in  Phases  III  and  IV.  HAZ 
values  (except  as  above)  were  between  53  and  197  ft-lbs  for  welding  heat  input 
ranging  from  38  to  230  Kilo joules/inch .  All  weld-metal  CVN' s  were 
disappointingly  low  in  the  100  ksi  welds.  Late  in  the  project  the  cause  was 
found  to  be  largely  due  to  a  less  than  optimum  selection  of  filler  metal  and 
flux  and  not  attributable  to  either  weld  process  or  base  metal. 

Other  combinations  of  wire  and  flux  than  those  used  in  the  subarc  welds  are 
available  and  should  be  investigated  by  persona  interested  in  high  heat  input 
welding  of  HSLA  steel  with  maximum  retention  of  weld  metal  toughness. 

Appendix  A  is  lengthy  but  presents  important  details  of  weld  joints,  weld 
process  parameters,  electrodes,  and  weld  sequences  used  for  each  material 
thickness  and  test  results.  Tranaverse  and  all  weld  metal  teats  results  are 
given  as  well  as  impact  test  reports  for  plates  and  welds.  Results  are  listed 
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for  base  metal,  fusion  line,  and  in  the  HAZ  at  I mm  and  5mm.  Evaluation  of  the 
broken  samples  is  given  in  terms  of  percentage  brittle  versus  cleavage  mode 
failure . 

The  thickest  test  assemblies  in  Phase  IV  were  sectioned,  polished,  and  etched 
for  metallographic  examination  of  macro  and  microstructure.  Macro  photos  of 
nital  etch  of  the  welds  are  reproduced  in  Appendix  A  which  show  the  solidity 
of  the  welds  and  the  successive  weld  bead  overlay  patterns  and  the  extent  of 
the  heat  affected  zone  into  the  base  metal. 

Microstructure  photos  show  fine  structure  of  the  weld  metal  and  base  metal 
heat  affected  zones.  Sheet  A-57  is  a  characterization  of  the  predominant 
metallurgical  phases  shown  in  the  microstructure  photos. 

The  successful  production  and  welding  of  both  80  Ksi  yield  strength  steel  and 
modified  ASTM  A710  to  over  100  Ksi  yield  strength  in  plate  thicknesses  greater 
than  5  inch  thick  is  a  major  accomplishment  of  this  project.  Although  some  of 
the  toughness  properties  in  some  weldments  were  not  as  high  as  expected  the 
objective  of  demonstrating  weldability  with  high  heat  weld  processes  was  also 
accomplished.  The  details  of  weld  process  parameters  and  test  results  will 
provide  a  guide  for  further  work  in  high  production  rate  welding  of  the 
ASTM  A710  and  related  HSLA  steels. 

Further  development  of  weld  metals  and  fluxes  with  toughness  values  more 
closely  matching  the  base  metal  is  needed  for  most  productive  use  of  these 
high  yield  strength  steels  in  welded  structures. 
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In  preparation  of  the  original  report  for  publication  several  changes  were 
made  for  clarification  and  format.  No  changes  were  made  to  the  written  text, 
however,  several  editorial  insertions  were  added  to  direct  the  reader  to  the 
appropriate  appendix  sheets  for  technical  details  not  covered  by  the  text. 

The  appendices  were  rearranged  in  an  effort  to  lend  continuity  to  the  report. 
For  example,  the  micro  and  microstructure  photos  were  placed  in  sequence  with 
test  assembly,  weld  parameter,  and  physical  test  data  sheets  for  Phase  III  and 
IV.  Subject  headings  were  added  to  the  text  and  titles  added  to  the  appendix 
sheets  from  which  a  Table  of  Contents  was  developed.  In  Appendix  B,  a  list  of 
welding  equipment  was  made  to  replace  the  vendor  technical  data  sheets  of  the 
original  report . 


Foreword  by  0  .J.  Davis,  SP-7  Program  Manager. 
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PREFACE 


This  report  presents  the  results  of  a  project  initiated  by  SP-7,  Welding  Panel 
of  the  Ship  Production  Committee  of  the  Society  of  naval  Architects  and  Marine 
Engineers.  Funding  was  provided  by  the  U.S.  Maritime  Administration  through  a 
cost  sharing  contract  between  Newport  News  Shipbuilding  and  Dry  Dock  Corp.  and 
Ingalls  Shipbuilding,  Inc.  as  contract  management.  Bethlehem  Steel  Corp., 
Beaumont  Shipyard,  also  party  to  the  contract  was  charged  with  accomplishing 
its  goal,  "Evaluate  The  Benefits  of  New  Higher  Strength  Low  Alloy  (HSLA) 

Steels.  " 

The  project  was  performed  during  the  tenures  of  SP  Panel  Chairman  B.  C.  Howser 
of  NNS&D  and  L.  G.  Kvidhal  of  Ingalls.  M.  I.  Tanner  of  NNS&D  and  0.  J.  Davis 
of  Ingalls  served  as  program  managers  of  this  project. 

The  project  was  executed  under  the  leadership  of  A.  T.  Sheppard,  Engineering 
Superintendent,  and  J.  P.  Stafford,  Chief  Engineer,  Production,  of  Bethlehem's 
Baltimore  Marine  Division.  Site  work  at  the  Beaumont  Shipyard  was  carried  out 
by  members  of  the  Welding  Engineering  Section  of  that  division. 
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EXECUTIVE  SUMMARY 


The  demand  for  offshore  drilling  rigs  that  are  able  to  operate  in  deeper 
waters  along  with  the  expansion  of  U.S.  Naval  units  accented  the  need  for 
better  higher  strength  steel  to  be  used  in  building  the  same. 

The  steels  available  for  us  in  the  80  to  100  ksi  yield  point  range  were  not 
costly  to  procure,  but  fabrication  and  erection  costs  continued  to  escalate. 
This  is  primarily  due  to  the  high  cost  of  sustained  preheat  and  interpass 
temperature  controls  and  the  prohibited  use  of  high  heat  inputs  while  welding. 
The  U.S.  Maritime  Administration  decided  to  find  a  solution  to  both  the  high 
cost  of  welding  and  subsequent  improvement  in  productivity  plus  shorter 
delivery  times.  Thus,  the  project  Evaluate  the  Benefits  of  New  Higher 
Strength,  Low  Allow  (HSLA)  Steels"  came  into  fruition. 

ASTM  A710  Grade  A  Class  3  steel,  which  is  precipitation  hardened,  through 
3"  thick  was  used  for  material  to  meet  or  exceed  an  80  ksi  yield  point 

requirement.  The  same  material  was  used  to  meet  or  exceed  a  70  ksi  yield 

point  through  6".  The  material  was  excellent,  it  can  be  welded  without 
sustained  preheat  and  there  is  no  apparent  limit  on  heat  input. 

However,  physical  limits  to  heat  input  were  found.  Above  250  KJ/in.  sidewall 
erosion  was  pronounced  and  increasingly  difficult  to  repair,  thus  sacrificing 
some  of  the  potential  savings  the  material  provides  to  the  shipbuilder.  The 

larger  mass  of  molten  metal  can  overrun  the  sub-arc  flux  and  trap  slag  under 

the  deposit.  This  fact  remains  unknown  until  work  is  completed  and  inspected 
by  NDT  methods.  Thus,  costly  excavation  and  weld  repairs  nullify  any 
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potential  savings.  A  similar  physical  problem  occurs  when  using  single  arc 
SAW  for  narrow  gap  joints  using  a  split  layer  technique.  Some  sidewall 
erosion  repairs  are  almost  impossible  to  make  and  costs  increase 
exponentially.  Due  to  these  physical  handicaps,  out  heat  inputs  were  limited 
to  200  KJ/in.  (total)  for  tandem  SAW  and  100  KJ/in.  for  the  SAW  narrow  gap 
joint.  However,  these  physical  limitations  do  not  impair  the  ability  of  the 
base  metal  to  withstand  high  heat  input. 

For  Phases  III  and  IV,  a  modified  chemistry  100  ksi  yield  point  precipitation 
hardened  steel  was  specified  which  had  been  experimentally  produced  by  an 
inactive  domestic  producer.  A  foreign  producer  was  soon  located  who  agreed  to 
supply  the  limited  amount  of  material  made  to  this  formulation  that  was  needed 
to  perform  this  task.  This  material  too  can  be  welded  without  sustained 
preheat  and  interpass  controls.  The  same  physical,  limits  on  heat  input  that 
were  discovered  in  Phases  I  and  II  had  to  be  followed.  The  material  has  the 
potential  to  deliver  considerable  savings  in  production  costs  at  the  100  ksi 
yield  point  level.  However,  the  physical  limitations  will  deter  the  full 
realization  of  this  potential  until  they  are  overcome. 

In  Phase  IV,  different  SAW  consumables  were  used  since  the  previously  used 
ones  were  not  longer  available.  A  severe  loss  of  weld  metal  toughness  was 
discovered  although  the  base  material  was  relatively  unaffected.  This  fact 
underlines  the  need  for  improved  welding  consumables. 
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CONCLUSIONS 


1.  Precipitation  hardened  base  material  is  available  up  to  a  100  ksi  yield 
point  that  can  be  welded  without  sustained  preheat  or  heat  input 
limitations.  Sizeable  savings  can  be  realized  by  their  use.  These 
materials  offer  savings  to  other  steel  industries,  such  as  pressure 
vessels,  bridges  and  building  construction.  They  can  replace  such  steels 
as  ASTM  A514,  517,  542,  543,  709  Grade  100  and  many  others.  Thus  the 
entire  steel  fabrication  industry  as  well  as  shipbuilding  would  benefit 
from  their  use. 

2.  A  concerted  effort  by  the  shipbuilding  industry  to  use  these  materials 
would  result  in  savings  in  many  areas.  Lighter  plate  decreases  the 
structure' s  deadweight  which  increases  its  payload  or  decreases  the  power 
to  propel  it.  Lighter  plate  increases  the  length  and  width  of  plates 
possible  to  be  ordered  from  the  mill.  This  in  turn  reduces  the  number  of 
welds  to  be  made.  Lighter  and  larger  plates  will  reduce  handling  times 
at  the  working  area.  Less  money  wil  be  paid  out  in  freight. 

3.  The  physical  limitations  experienced  need  resolution.  This  would  require 
more  time  for  research  and  additional  funding. 

4.  The  mechanical  properties  of  ASTM  A710  should  be  upgraded  for  material 
2  inches  and  down.  The  20  percent  additional  increase  in  yield  from  65 
to  80  ksi  would  enable  designers  to  use  thinner  plate  to  accomplish  their 
task.  Thus,  savings  would  be  further  enhanced  by  its  use. 
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5.  Better  welding  consumables  are  sorely  needed.  Consumable  producers,  like 
steel  producers,  are  hesitant  to  pioneer  new  markets  with  low  volume 
requirements.  The  accomplishments  of  the  above  conclusions  will  hasten 
this  improvement.  The  shipubilding  industry  is  urged  to  actively  pursue 
these  points. 
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BVALUATE  THE.  BENEFITS  OF  NEW  HIGHER  STRENGTH 


LOW  ALLOY  (HSLA)  STEELS 


1.0  INTRODUCTION 

1.1  Background.  Bethlehem  proposed  to  SP-7  to  conduct  a  study  to  evaluate 
the  benefits  of  new  higher  strength  low  alloy  (HSLA)  steels.  The 
original  goals  of  the  November,  1983  proposal  appear  in  Figure  1. 


In 


February,  1985,  $95,000  was  awarded  to  accomplish  Phase  I,  and  work  on 

$75, 000 


Phase  I 


began  in  August,  1984.  During  the  course  of 


Phase  I, 


was  awarded  forj^  Phase  II. 
In  Phases  I  and 


E 3  we  would  determine  the  ability  of  the  new  HSLA 


steels  to  withstand  high  welding  heat  inputs,  without  using  sustained 
preheat,  and  have  only  limited  heat  zone  degradation.  Yield  points  to 
be  attained  were  80  ksi  through  3  inches  thick;  75  ksi  through  5  inches 
thick;  and  70  ksi  through  6  inches  thick. 

The  HSLA  to  be  used  was  ASTM  A710,  Grade  A,  Class  3.  Its  properties 
appear  in 


Figure  2 . 


In  late  1984,  a  search  was  begun  for  a  producer  of  the  100  ksi  yield 
point  plates  needed  in 


Phases  III 


and 


IV-A. 


U.S.  producers  were 


unwilling  to  commit  to  produce  this  new  chemistry  plates  in  any  amount 
less  than  100  tons.  A  foreign  producer  was  located  who  was  iwlling  to 
accept  an  order  for  20  -  25  tons  that  could  be  made  in  their  small 
60-ton  unit.  Properties  of  these  plates  are  compared  to  ASTM  A710 


Grade  A,  Class  3,  and  shown  in  Figure  10. 


In  June,  1985,  an  order  was  placed  for  22  tons  of  the  new  chemistry 
steel  at  a  cost  of  .58/lb.  Total  cost  including  freight  was  $27,460.50 
and  it  was  delivered  in  early  1986. 
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PANEL  Sp-7  ORIGINAL  GOALS 

PHASE 

GOAL  AND  PLATE 
THICKNESS 

SCHEDULED 

COST 

TIME 

1 

80  KSI  YP 

THROUGH  3  IN. 

$  95.000 

1  YEAR 

2 

75  KSI  YP 

THROUGH  5  IN. 

70  KSI  YP 

THROUGH  6  IN. 

$  75,000 

9  MONTHS 

3 

100  KSI  YP 

THROUGH  3  IN. 

$  70,000 

6  MONTHS 

4A 

90  KSI  YP 

THROUGH  5  IN. 

85  KSI  YP 

THROUGH  6  IN. 

$  100,000 

1  YEAR 

4B 

PUBLISH  RESULTS 

$  50,000 

9  MONTHS 

TOTALS 

$390,000 

4  YEARS 

PANEL  Sp-7  REVISED  GOALS 

PHASE 

GOAL  AND  PLATE 
THICKNESS 

SCHEDULED 

COST 

TIME 

1 

80  KSI  YP 

THROUGH  3  IN. 

$  95,000 

1  YEAR 

2 

75  KSI  YP 

THROUGH  5  IN. 

70  KSI  YP 

THROUGH  6  IN. 

$  75,000 

9  MONTHS 

3 

100  KSI  YP 

THROUGH  3  IN. 

$  51,000 

6  MONTHS 

4A 

90  KSI  YP 

THROUGH  5  IN. 

85  KSI  YP 

THROUGH  6  IN. 

$  70.900 

9  MONTHS 

4B 

PUBLISH  RESULTS 

TOTALS 

$291,900 

36  MONTHS 

Figure  1.  Plate  Thickness  and  Yield  Strength  Goal 
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phases  i  a  n 


ASTM  A7I0 

GRADE  A  CLASS  3 

ELEMENT 

.  COMPOSITION  % 

C  . 

_ 0.07 

Mn . 

. 0.40-0.70 

P  . 

. 0.025  MAX 

S  . 

. 0.025  MAX 

Si . 

. 0.40  MAX 

Ni  . 

. . 0.70-1.00 

Cr  . . 

. 0.60-0.90 

Mo _ 

_ 0.15-0.25 

Cu _ 

_ 1.00-1.30 

Cb . 

. 0.02  MIN 

MECHANICAL 

PROPERTIES  FOR 

MATERIAL 

UNDER  2  INCHES 

TS  min _ 

.75  ksi 

YP  min _ 

- 65  ksi 

%  E  min _ 

_ 20 

SUPPLEMENTAL  REQUIREMENT 

TRANSVERSE 

■V“  50  FT-LBS  AT  -80°F 

Figure  2.  Chemical  and  Mechanical  Properties  of 
ASTM  A-710,  Grade  A,  Class  3 
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Work  was  completed  on  Phase  II,  somewhat  short  of  the  original  goal  of 
48  test  assemblies  for  Phases  I  and  II.  Of  the  30  plates  prepared, 
twenty-four  (24)  were  acceptable  and  six  (6)  were  scrapped.  Results  of 
the  findings  are  discussed  later. 

In  May,  1986,  Bethlehem  was  advised  that  MARAD  funds  were  not  longer 
available  to  do  Phases  111,  IV-A,  and  iv-b.  A  proposal  was  then 
submitted  to  produce  a  shortened  version  of  Phase  111  for  $51,000  and  a 
stringently  curtailed  version  of  Phase  IV  for  $70,000.  These  revised 
goals  also  appear  in 


Figure  1 . 


Work  on  Phase  III  began  in  November,  1986  and  was  completed  in  March, 
1987.  Work  on  Phase  IV  began  March  18,  1988  and  was  completed  in 
November,  1988. 

1.2  Requirements  and  Welding  Practices.  In  all  phases,  the  following 

requirements  and  practices  were  followed  to  simulate  actual  produciton 
methods : 

a.  Initially,  heat  input  was  unlimited  but  physical  limitation  were 
found. 

b.  Only  gas  torch  moisture-drying  preheat  was  to  be  used,  when 
needed. 

c.  Sustained  preheat  and  interpass  temperature  controls  were 
abandoned . 

d.  Degradation  by  cracking  of  the  weld  or  heat  zone  was  prohibited. 

e.  The  average  sum  of  heat  affected  zone  charpys  to  be  no  less  than 
60  percent  of  the  parent  plate. 
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2.0  PHASE  I  -  WELDING  ASTM  A710  ,  GRADE  A  STEEL  PLATE  FROM  2-314-INCH  TO 
3-INCH  THICK 

2.1  Objectives  of  Phase  I.  The  goal  was  to  produce  80  ksi  yield  point 
welded  joints  in  steel  through  3  inch  thick.  Transverse  inpact  values 
as  required  by  American  Bureau  of  Shipping  1985  "Rules  for  Building  and 
Classing  Mobile  Off  shore  Drilling  Units,"  Table  B.  2  Grade  EQ56  (56 
k/mrrf  or  80  ksi  minimum  yield),  High  Strength  Q&T  steel,  of  20  ft. -lb. 
at  -40  degrees  F  were  to  be  met  or  exceeded,  and  a  minimum  elongation 
of  16  percent  was  to  be  met. 

2.2  Approach.  The  steel  welded  in  Phase  I  was  ASTM  A710,  Grade  A,  Class  3. 

(See  Figure  2)  The  plates  were  procured  in  the  quenched  only 
condition.  Eight  (8)  test  plates  were  welded  in  this  condition  and 
then  precipitation  hardened  (P/H)  .  Seven  (7)  test  plates  were  P/H 
first  and  then  welded.  The  graph  shown  in  Figure  3  depicts  the 
various  properties  that  can  be  obtained  at  different  P/H  temperatures 
and  rapid  cooling  to  ambient  conditions.  Therefore,  ASTM' s  minimum  of 
65  ksi  yield  point  over  2  inch  can  be  exceeded  with  certainty. 

2.3  Advantages  of  Welding  Prior  to  Age  Hardening.  Using  plate  in  the 
quenched  only  condition,  presents  the  fabricator  with  an  extraordinary 
production  improvement.  This  occurs  because  of  the  increase  in  yield 
strength  that  is  brought  about  by  the  precipitation-hardening  process. 
For  example,  a  3-inch  thick  A710  Grade  A,  Class  3  plate  will  have  an 
approximate  yield  point  of.  60  -  64  ksi  in  the  quenched  only  condition, 
and  average  86  ksi  when  precipitation-hardened  at  1050  degrees  F. 
Therefore,  3  inch  plate  with  an  80  ksi  yield  point  is  an  actuality. 

Thus,  a  minimum  of  25  percent  increase  in  forming  ability  can  he 
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YIELD  OR  TENSILE  STRENGTH  (KS1) 


PHASE  I 

MECHANICAL  PROPERTIES 
OBTAINED  AT  VARIOUS  PRECIPITATIOM 
HARDENING  TEMPERATURES 


TENSILE  STRENGTH 
□=  YIELD  POINT 
0=CHAF?PY  -V" 


PRECIPITATION  HARDENJNG  TEMP. 


Figure  3.  Tensile,  Yield  and  Charpy  versus  Precipitation 
Hardening  Temperature  for  Test  Plate 
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TRANSVERSE  OVN  VALUES  (FT-LBS)  AT  -80°F 


achieved — 80/62  =  1.29.  Assume  that  a  plant's  forming  equipment 
capacity  for  a  3  inch  80  ksi  yield  point  plate  is  72  inches  wide  at  a 
given  radius.  By  using  a  62  ksy  yield  point  material,  the  forming 
width  capacity  will  be  increased  to  90  inches.  Then  a  90/72  =  1.25 
ratio  exists.  Wider  plate  can  be  formed  and  the  number  of  weld  butts 
can  be  reduced  by  25  percent  for  a  given  assembly.  The  assembly  can 
then  be  precipitant  ion-hardened  and  welded. 

2.4  Mechanical  Properties  of  Test  Plates.  The  graph  of  mechanical 
properties  are  the  results  of  using  quenched  only  plates  from  the 
producer  and  precipitation-hardened  on  site.  The  graph  also  shows 
charpy  V-notch  values  at  -80  degrees  F.  ASTM  A710  supplemental 
requirement  No.  SI.  3  states  that  test  results  for  longitudinal 
specimens  (transverse  notch)  "shall  meet  a  minimum  value  of  50  ft. -lb. 
at  -  80  degrees  F."  Charpy  values  in  the  quenched  only  condition  were 
not  considered  germane.  (See  Figure  3.) 

Test  plates  were  cut,  beveled  and  fitted,  as  shown  or  Figure  4,  three 
sheets . 

2.5  PHASE  I  RESULTS 

2.5.1  Welding  Prior  To  and  After  Precipitation  Aging  -  2-1/4  Inch  to  3  Inch 

Thick  Plates.  The  first  three  (3)  of  the  four  (4)  groups  of  welded 
test  plates  were  welded  prior  to  precipitation  hardening.  The  fourth 
group  was  precipitation-hardened  and  then  welded.  The  fourth  group 
was  precipitantion-hardened  and  then  welded.  Charpy  values  in  the 
quenched  only  condition  were  not  germane.  The  material  in  the  second 
group  (2-1  /4  inches)  was  furnished  by  Lukens  Steel,  the  remainder  was 


furnished  by  Armco,  Houston.  Phase  I  results  appear  in  Figure  5. 
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WELD  JOINT  DESIGN 


Figure  4.  Weld  Joint  Designs  for  2-1/4-Inch  to  3-Inch  Thick 

Plates  for  Various  Arc  Weld  Processes  (Sheet  1  of  3) 
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WELD  JOINT  DESIGN 


Figure  4.  Weld  Joint  Designs  for  2-1/4-Inch  to  3 -Inch  Thick 

Plates  for  Various  Arc  Weld  Processes  (Sheet  2  of  3) 
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WELD  JOINT  DESIGN 

PHASE  I  (SHEET  3) 


Figure  4.  Weld  Joint  Designs  for  2-1/4-Inch  to  3-Inch  Thick 

Plates  for  Various  Arc  Weld  Processes  (Sheet  3  of  3) 
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PHASE  I  RESULTS 

THICK¬ 

NESS 

PROCESS 

KJ/IN 

INPUT 

Y.P. 

(KSl) 

T.S. 

(KSl) 

%  % 

E  RA 

♦  CHARPYS  AT  -80°F 

W  F  1  MM  3  MM  5  MM 

(PRECIPITATION  HARDENED 

AT  I050°F  FOR  165  MIN  AFTER 

WELDING) 

2  3/4 

DC  a  AC 
SAW 

208 

87.2 

107 

22  63 

9  8 

30 

41 

22 

2  3/4 

* 

175 

89.2 

108 

22  58 

II  10 

64 

27 

20 

(P/H 

AT  1100° 

F  FOR 

165  MIN  AFTER  WELDING.  CHARPYS  AT  - 

40°F) 

2  1/4 

DC  a  AC 

135 

93.2 

108 

26  69 

23  98 

63 

103 

103 

2  1/4 

VERT-STiCK  65 

89.6 

100 

26  72 

15  173 

136 

151 

117 

(P/H  AT  1050 

°F  FOR 

165 

MIN  AFTER  WELDING,  CHARPYS  AT  ■ 

-40°F) 

2  3/4 

DC  a  AC 
SAW 

150 

91.1 

'  107 

26  67 

3!  51 

53 

48 

43 

2  3/4 

* 

125 

87.9 

107 

24  66- 

28  46 

52 

48 

43 

2  3/4 

* 

100 

93.2 

107 

26  67 

43  58 

77 

38 

32 

2  3/4 

DC  ONLY 

75 

94.3 

106 

26  68 

29  15 

46 

33 

29 

(P/H 

AT  1050 

°F  FOR 

165 

MIN  BEFORE  WELDING, 

CHARPYS 

AT 

-40°F) 

2  3/4 

DC  a  AC 
SAW 

100 

97.6 

109 

24  67 

76  54 

50 

80 

103 

2  3/4 

* 

150 

88 

108 

24  69 

78  109 

74 

64 

102 

3 

* 

200 

84.7 

106 

23  67 

40  94 

88 

95 

56 

3 

DC  ONLY 

75 

94.7 

106 

24  67 

74  86 

52 

72 

91 

3 

DC  a  AC 

125 

89.7 

107 

24  63 

86  96 

76 

64 

94 

3 

DC  N.6. 

75 

93.4 

106 

25  66 

6!  6B 

112 

73 

67 

2  3/4 

VERT.  MIG.  95 

88.7 

102 

23  58 

79  110 

109 

93 

69 

*ALL 

CHARPY 

“VS 

ARE 

TRANSVERSE 

Figure  5.  Weld  Process,  Heat  Input  Values  and  Test  Results 
of  2-1/4-Inch  to  3-Inch  Thick  Weldments 


2.5.2  Dual  Sub-Arc  Welds  of  2-3/4-Inch  Plate  to  208  KJ/IN  Heat  Input.  In  the 
first  group  of  2  inches  to  2-3/4  inches  plates  mechanical  properties  at 
high  heat  input  were  satisfactory.  Weld  metal  charpy  values  were  not. 
The  average  of  the  1,  3,  and  5mm  HAZ  was  less  than  60  percent  of  the 
100  ft  .-lb.  expected 


(Figure  3) 


The  pitfalls  that  can  be  encountered 


by  precipitation  hardening  after  welding  were  evident. 

2.5.3  Dual  Sub-Arc  and  SMAW  Welding  2-1/4-Inch  Plate  to  135  KJ/IN  Heat 

Input.  In.  the  second  group,  where  more  heat  waa  used  for  soaking  and 
toughness  level  was  lowered  to  -40  degrees  F,  a  marked  improvement  in 
HAZ  values  occurred  and  there  was  some  improvement  of  weld  metal 
charpys .  The  vertical-stick  plate  was  repaired  and  rewelded  twice  in 
some  places  after  defects  were  discovered  by  ultrasonic  inspection.  It 
is  believed  that  rewelding  and  the  reheating,  including  precipitation 
hardening  of  the  weld  metal  was  responsible  for  the  low,  15  ft. -lb. 
charpy  value.  (See 


Figure  6.) 


2.5.4  Dual  Sub-Arc  and  Single  Sub-Arc  Welding  at  75  to  150  KJ/IN  Heat  Input. 

In  the  third  group,  which  has  a  lower  soak  temperature,  all  weld  metal 
charpys  are  acceptable.  HAZ  charpy  values  are  below  the  60  percent 
average  of  base  plate  value.  The  heat  inputs  and  values  obtained  in 
the  third  group  duplicates  production  procedures  that  have  been  used. 
The  low  fusion  line  value  on  the  single  arc  narrow  gap  weld,  of 
15  ft  .-lb.  is  attributed  to  rewelding  and  reheating  to  repair  weld 
defects.  (See  Figure  5.) 


2.5.5  Single  and  Dual  Sub-Arc,  and  Vertical  Mig  Welding  after  Precipitation 
Aging  All  material  in  Group  4  was  precipitation  hardened  prior  to 
welding.  Weld  metal  charpys'  are  excellent.  Heat  affected  zone  values, 
including  fusion  line  readings  are  at  least  72  percent  or  better  of 


initial  properties.  (See  Figure  6.) 
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CHARPY  IMPACT  VALUES  AT  -60»F  (FT-LBS)  CHARPY  IMPACT  VALUES  AT  -60*F  CFT-LBS) 


HEAT  INPUT  (KJ/in)  HEAT  INPUT  (KJ/in) 


5  mm 


TOUGHNESS  VS  HEAT  INPUTS 

PHASE  I 


Figure  6.  Graph  of  Weld  Metal  and  Heat  Affected  Zones  (Charpy 

V-Notch  Results  of  2-1/4-Inch  to  3-Inch  Thick  Weldments) 
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3.0 


PEASE  II  -  WELDING  80  KSI  YIELD  STRENGTH  PLATES  FROM  4-INCH  TO 
6-INCH  THICK 


3.1 


3.2 


3.3 


3.4 


Base  Plate  Properties.  Material  for  Phase  11  was  procured  from  steel 
service  centers.  The  4-1/2  inch  and  5  inch  plates  were  produced  by 
Armco  and  sold  to  a  service  center  upon  the  closing  of  their  Houston 
works.  They  had  an  average  longitudinal  charpy  value  of  175  ft  .-lb.  at 
-50  degrees  C.  The  4  inch  and  6  inch  were  produced  overseas  with  a 
longitudinal  charpy  value  of  155  ft.  -lb.  at  -50  degrees  C.  All  were  in 
the  precipitation  hardened  condition  in  accordance  with  ASTM  A710, 

Grade  A,  Class  3.  Based  on  the  above,  parent  metal  transverse  charpy 
values  attainable  should  be  116  ft  .-lb.  for  4-1/2  inch  and  5  inch 
material  and  103  ft  .-lb.  for  4  inch  and  6  inch  plates  at  -50  degrees  C 
prior  to  welding.  This  transverse  to  longitudinal  ration  complies  with 
ABS  1985  Mobile  Offshore  Drilling  Unit  Rules. 

Yield  Strength  Goals  of  Phase  11.  The  goal  of  Phase  11  differed  from 
Phase  I  in  that  material  through  5  inches  would  have  a  75  kai  yield 
point  and  6  inch  material  would  have  only  a  70  ksi  yield  point.  The 
60  percent  retention  of  WAZ  properties  was  to  be  maintained. 

Joint  Displays  for  Various  Weld  Processes  and  Thicknesses.  The  weld 
joint  designs  used  in  Phase  11  appear  :.n  Figure  7,  2  sheets. 

PEASE  11  RSSULTS 


a. 


b. 


The  goals  of  75  ksi  and  70  ksi  yield  points  through  5  inches  and 


inches  were  attained.  (See  Figure  8.) 


The  60  percent  of  original  transverse  charpy  value  was  realized  in 
the  heat  affected  zone  averages. 


WELD  JOINT  DESIGN 


_ _  PHASE  II  <  SHEET  1  )  _ _ 

PL*  THK.  I  PROCESS!  JOINT  DESIGN  PL*  THK.  I  PROCESS  1  JOINT  DESIGN 


Figure  7.  Weld  Joint  Design  Used  in  4-inch  to 

6-inch  Thick  Weldments  (Sheet  1  of  2) 


15 


WELD  JOINT  DESIGN 


PHASE  II  (SHEET  2 ) 


Figure  7.  Weld  Joint  Design  Used  in  4-inch  to 

6— inch  Thick  Weldments  (Sheet  2  of  2) 


16 


PHASE  IE  RESULTS 


(PRECIPITATION  HARDENED  AT  HOO°F  FOR  135  MINS.  PRIOR  TO  WELDING) 


THICK 

NESS 

PROCESS 

KJ/IN 

INPUT 

Y.P. 

KSI 

T.S. 

KSI 

+CHARPYS  AT 
W  1  M/M 

-40°F 

5  M/M 

4 

DC  a  AC 

SAW 

192 

84 

99 

30 

B6 

94 

4 

VERT.  MIG. 

55 

87 

100 

84 

83 

82 

4  1/2 

SAW  -  NG 

73 

78.1 

90 

71 

139 

134 

4  1/2 

VERT  -  STICK 

55 

79.6 

90 

33 

112 

117 

4  1/2 

VERT.  MIG. 

73 

76.5 

88 

59 

160 

129 

5 

DC  a  AC 

SAW 

140 

78.4 

86 

37 

132 

131 

5 

SAW  -  NG 

75 

79.4 

90 

87 

135 

172 

6  -  — 

— DC  a  AC 

SAW 

130 

80.9 

95 

64 

77 

59 

6 

SAW  -  NG 

75 

84.6 

92.7 

51 

71 

89 

♦ALL  CHARPY  *V'S  ARE  TRANSVERSE 


Figure  8.  Mechanical  Properties  of  4-inch  to  6-inch 
Thick  Weldments 
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4.0 


PHASES  I  AND  II  COMMENTS 


Goals  of  80  ksi  yield  point  through  3  inch,  75  ksi,  and  70  ksi 
yield  points  through  5  inches  and  6  inches  have  been  met. 

Only  moisture  drying  preheat  was  used. 

No  cracking  occurred  in  the  parent  metal  or  its  heat  affected 
zone.  High  heat  inputs  were  used.  Up  to  200  +  KJ/in.  ,  the  sum  of 
two  (2)  arcs  was  maximum.  (Weld  metal  and  HAZ  charpy  V-notch 
values  at  1mm  and  5mm  are  tabulated  in 


Figure  8.) 


Heat  affected  zone  values  were  at  least  70  percent  of  original 
when  plates  were  precipitation  hardened  before  welding.  The  same 
would  be  true  for  formed  or  rolled  subassemblies.  These  findings 
parallel  those  reported  by  G.  E.  Kampschafer. 

Some  fabrication  can  be  welded  prior  to  precipitation  hardening 
at  some  additional  sacrifice  of  properties.  Results  obtained  must 
still  meet  ABS  or  other  governing  specifications. 

Welding  consumables  used  were: 

SMAW  -  E-I1018M  -  Alloy  Rods 

GNAW  -  Linde  95  -  Argon  with  25  percent  CO* 

SAW  -  Armco  W-24  with  Lincoln  880M  Flux 
SAWNG  -  Linde  100  with  Linde  0091  Flux 

The  results  as  posted  are  optimums.  Several  plates  were  welded  at 
higher  heat  inputs  than  shown  and  were  unacceptable  for  the 
following  reasons: 

1.  Weld  centerline  cracking  became  apparent  on  three  (3)  sub-arc 
plates  when  gouging  to  prepared  for  the  second  side  weld. 
(1-3  inch;  1-4  inch;  1-6  inch;  total  heat  inputs  of 
185  +  150  =  335  KJ;  150  +  125  =  275  KJ,  and  ,125  +  125  = 

250  KJ/in.  ) 
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h. 


1 . 


2.  With  high  heat  at  the  slower  travel  speeds  weld  nugget  size 
is  magnified.  Trapped  fused  slag  in  the  weld  metal  is  not 
known  until  plate  is  X-rayed  or  ultrasonic  readings  are  made. 

(Two  (2)  plates  scrapped,  1  -  2-3/4  inch,  280  KJ  total  input; 
1  -  4-1/2  inch,  150  lead,  125  trail,  275  total  input) . 

3.  Narrow  gap  by  SAW  had  to  be  limited  to  single  arc  at  less 
than  100  KN/in.  input.  Sidewall  undercut  becomes  a  major 
problem  and  resultant  trapped  slag  is  very  costly  to  remove. 

Charpy  V-notch  values  vs.  heat  input  are  plotted  for  Phase  I  in 
Figure  13.  Phase  11  comparisons  appear  in  Figure  9. 


Appendix  C  contains  a  paper  entitled,  "The  Benefits  of  New  High 
Strength  Low-Alloy  (HSLA)  Steels  ,"  covering  Phases  I  and  11  in 
great  detail  and  was  delivered  at  the  1987  AWS  Convention  in 
Chicago . 


Appendix  D 


contains  a  paper  entitled,  "The  Benefits  of  A 


Mo"dified  Chemistry,  High  Strength  Steel,  "  which  has  a  discussion 
and  author's  closure  sect  ion  covering  many  vital  points  concerning 
100  ksi  yield  point  steel. 
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CHARPY  IMPACT  VALUES  AT  -SOT  (FT-LBS)  CHAHPY  IMPACT  VALUES  AT  -60*F  (FT-LBS) 


Figure  9.  Graphs  Weld  Metal  and  Arc  Heat  Affected  Zone  Charpy  V-Notch 

Values  Versus  Welding  Heat  Input  for  2-1/4-Inch  to  3-Inch  Thick 
Weldments  of  80  Ksi  Yield  Strength  Steel 


5.0  PEASE  III  -  NELDING  ASTM  A710  GRADE  A,  CLASS  3  MODIFIED  TO  100  KSI 
YIELD  STRENGTH  To  3-1/4  mm  THICK 

5.1  Objective  of  Phase  III.  The  primary  objective  of  Phase  III  was  to 
qualify  hsla  A710,  Class  3  (modified)  with  1011  ksi  minimum  yield  in 
thicknesses  ranging  from  3/4  inch  through  3-1  /4  inch  using  various 
welding  processes,  and  achieve  weld  metal  mechanical  and  toughness 
properties  that  would  meet  or  exceed  MIL-STO-248C  requirements. 

5.2  Chemistry,  Weld  Processes,  and  Joint  Designs.  The  properties  of  this 

Mn  and  Mo 


modified  steel  are  compared  with  ASTM  A710  in 


Figure  10. 


were  markedly  increased  while  Cr  was  halved  and  trace  elements  appear. 
Welding  processes  used  for  this  task  included  SMAW,  GMAW  (low 
deposition)  ,  SAW,  TANDEM  SAW,  and  ESW  (high  deposition)  .  Additionally, 
minimal  preheating  of  test  assemblies  and  higher  (650  degrees  F 
maximum)  interpass  temperature  were  examined  to  determine  the  ability 
of  the  material  to  yield  satisfactory  weld  properties  under  less  than 
optimal  welding  conditions.  The  weld  joint  designs  used  are  presented 
Figure  11.  Eight  test  assemblies  were  prepared  and  welded.  Welding 


parameters,  techniques  and  laboratory  reports  are  given  in 


Appendix  A. 


(Appendix  A  includes  sketches  of  the  joint  designs  and  details, 
including  the  bevel  angles  root  openings,  and  filler  metals  used  for 
each  thickness  of  weldment  and  weld  process.  The  joint  design  sheets 
also  provide  details  of  weld  pass  sequence  travel  speeds,  and 
electrical  parameters  used.  The  total  weld  heat  input  is  alao  given. 
Following  the  joint  design  sheet  for  each  plate  are  the  independent 
laboratory  test  reports  with  actual  test  results  for  each  sample, 
including  tensile  strength,  yield  strength,  and  location  of  fracture. 
For  charpy  V-notch  test  data,  the  location  of  the  sample  with  respect 
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PHASES  m 

&  m 

MODIFIED-CHEMISTRY  PLATE  COMPARISON 

ELEMENT 

COMPOSITION  % 

COMPOSITION  % 

A7IO  GRADE  A 

A7I0  GRADE  A 

>  CLASS  3 

MODIFIED 

C 

0.07 

0.07 

Mn 

0.40-0.70 

1. 20-1. 70 

P 

0.025 

0.025 

S 

0.025 

0.025 

S! 

0.40 

0.40 

Ni 

0.70-1.00 

0.70-1.00 

Cr 

0.60-0.90 

0.10-0.50 

Mo 

0.15-0.25 

0.20-0.50 

Cu 

1.00-1.30 

1.00-1.35 

Cb 

0.02 

0.02 

Al 

N/A 

0.015-0.65 

B 

N/A 

T 

MECHANICAL  PROPERTIES  FOR 

MATERIAL  UNDER 

3  INCHES 

COMPOSITION  % 

COMPOSITION  % 

A7I0  GRADE  A 

A7I0  GRADE  A 

CLASS  3 

MODIFIED 

'TS  min 

75  ksi 

125  ksi 

YP  min 

65  ksi 

100  ksi 

%  E  min 

20 

20 

%  RA  "T 

N/A 

25 

■V"  ft/lb 
°F  11 T" 

50  at  -80° 

■V"  ft/lb 

30L 

ABS  - 

FQ70 

20T 

at-76° 

F  MO  DU 

1985  Table  B.2 

Figure  10.  ASTM  A710,  Grade  A,  Class  3  Steel  Modified 
to  Reach  100  Ksi  Yield  Strength 


WELD  JOINT  DESIGN 


Figure  11.  Weld  Joint  Designs  and  Weld  Processes  Used  to  Weld 
3/4-Inch  Thick  100  Ksi  Yield  Strength,  Modified 
ASTM  A710 ,  Grade  A 
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5.3 


5.4 


to  weld  metal  and  heat  affected  zone  and  base  metal,  and  the  percentage 
of  shear  is  given  for  each  sample.  A  macro  photo  of  test  assembly 
plate  III-8  is  shown  in  figure  on  page  A-27  for  base  metal  plates,  mill 
inspection  certificates  with  additional  data  on  physical  poperties, 
chemistry,  charpy  V-notch  values,  heat  treat  schedules  and  hardness 
test  results  are  presented  on  pages  A-99  through  A-104  -  Addendum  by 


0.  J.  D.) 

Welding  Consumables  for  Phase  111.  Welding  consumables  used  in  this 
study  and  the  various  welding  processes  included: 

SMAW  EI10I8-M  Allow  Rods  "Atom  Arc1'  Electrodes 

GMAW  ER120S-1  L-'Tec  120  Wire  with  98  percent  AR  -  2  percent 

Oxy  Shielding  Gas 

SAW  F11A4-SM5-G  Linde  100  Wire  with  Linde  009'  Flux 

F10A6-EF6  Armco  W-25  Wire  with  Oerlikon  0P12  ITT  Flux 

Ews  F7A2-E144-M4  Linde  120  Wire  with  Linde  124  Flux 

Mill  Analysis  and  Test  Reports  of  Base  Metal  Plates.  Mill  test  reports 

Mil  test 


for  these  modified  chemistry  plates  appear  in  Appendix  C. 


reports  show  that  plates  were  water  quenched  and  precipitation  hardened 
at  the  following  times  and  temperatures: 

Immersion  Quenching  -  All  of  one  size  at  once  -  Chiba  Works  12-26-85 


ness  (In) 

WQ  °F 

Minutes 

Ph  °F 

Minute 

3/4 

1700 

45 

1220 

130 

1-1/4 

1700 

70 

1166 

150 

1-3/4 

1700 

95 

1166 

175 

2-1/4 

1700 

115 

1166 

200 

2-3/4 

1700 

135 

1166 

230 

24 


3-1/4 

1700 

Very 

Rapid 

1166 

155 

3-3/4 

1700 

Very 

Rapid 

1166 

260 

4-114 

1700 

Very 

Rapid 

1166 

280 

4-3/4 

1700 

Very 

Rapid 

1175 . 

320 

4-1/4 

1700 

Very 

Rapid 

1166 

340 

5.5  PHASE  III  RESULTS  (See  Figure  12) 

a.  Transverse  weld  metal  tens  ion  tests  exceeded  100  ksi  minimum  yield 
on  all  test  assemblies,  except  numbers  2  and  8.  Plate  8  was 
electroslag  welded  at  5,770  KJ/in. 

b.  The  All-Weld  Metal  Tension  Tests  exceeded  100  ksi  minimum  yield 
only  on  test  plates  with  effective  heat  inputs  of  less  than 

50  R.J/in. 

c.  Charpy  V-notch  Weld  Metal  Impact  Tests  exhibited  satisfactory 
results  with  heat  inputs  up  to  130  R.  J/in. 

d.  Charpy  V-notch  Base  Metal  HAZ  Impact  Tests  were  excellent,  even 
with  effective  heat  inputs  of  230  RJ/in.  Testing  of  all  charpys 
was  at  -60  degrees  F  (-51  degrees  C)  . 

e.  Criticality  of  alignment  between  weld  nozzle  to  joint  groove  is 
high  using  the  sub-arc  narrow  gap  process. 

f.  Wide  range  welding  parameters  produced  no  occurrence  of  base  metal 
or  heat-affected-zone  (RAZ)  cracking.  This  immunity  to  hydrogen 
induced  cracking  is  primarily  attributed  to  the  low  carbon  content 
of  the  material,  which  hardens  only  slightly  when  quenched  from 
austenite . 

g.  High  heat  input  welding  processes  did  not  produce  unfavorable 
dendritic  grain  growth  in  the  weld  metal  or  heat-affected-zone 
microstructure . 

h.  Charpy  notch  values  vs.  heat  input  are  plotted  in  Figure  13. 
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PHASE  HI  RESULTS 

THICK- 

PROCESS  AND 

KJ/IN 

ALL  WELD  METAL 

REDUCED  SECTION 

♦CHARPYS  AT  - 

60°F 

NESS 

CONSUMMABLES  INPUT 

Y.P. 

T.S. 

-W 

%RA 

rA 

T.S. 

W 

1  MM 

5  MM 

3/4 

GMAW-98%A 
LINDE  120 

38 

III 

125 

17 

49 

105 

115 

69 

96 

82 

1  1/4 

GMAW-98%A 
LINDE  120 

38 

127 

131 

12 

37 

99 

120 

73 

73 

64 

I  1/4 

SMAW 

EII0I8M 

27 

112 

124 

+ 

+ 

110 

116 

24 

65 

61 

1  3/4 

DC-AC  SAW 
LINDE  I00W/ 
0091  FLUX 

230 

87 

120 

23 

51 

103 

112 

16 

53 

73 

2  1/4 

DC-AC  SAW  ’ 
LINDE  I00W/ 
0091  FLUX 

127 

97 

113 

23 

64 

103 

III 

31 

54 

50 

2  3/4 

DC-AC  SAW 
ARMCO  W/25W/ 
0PI2ITT  FLUX 

125 

TEST  NOT  MADE 

101 

112 

49 

74 

70 

3  1/4 

DC-NGAP 

ARMCO  W/25W/ 
0PI2ITT  FLUX 

75 

76 

77 

+ 

+ 

105 

115 

51 

116 

138 

3  1/4 

ESW 

LINDE  120  W 
124  FLUX 

5,770 

67 

106 

16 

34 

90 

135 

7 

3 

5.5 

♦ALL  CHARPY  ■VS  ARE  TRANSVERSE 

+BROKE  OUTSIDE  OF  GAUGE 

MARKS 

Figure  12.  Physical  Properties  of  3/4-Inch  to  3-1/4— Inch  Thick  Welds 

of  100  ksi  Yield  Strength  Steel 


CHARPY  IMPACT  VALUES  AT  -60*F  (FT-LBSJ  CHARPY  IMPACT  VALUES  AT  -60»F  (FT-LBS) 


WELD  METAL 


!mm 


HEAT  INPUT  (KJ/in) 


5mrn 


TOUGHNESS 

VS 

HEAT  INPUTS 


CAV6.  OF  3  SPECIMENS) 


PHASE  m 


Figure  13.  Graphs  of  Weld  Metal  and.  Heat  Affected  Zone 
Toughness  for  3/4-Inch  to  3-1 /4-Inch  Thick 
Weldments  of  100  Ksi  Yield  Strength  Steel 
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6.0  PHASE  IV  -  WELDING  ASTM  A710  GRADE  A,  CLASS  3,  MODIFLED  TO  100  Km 
YIELD  STRENGTR  'TO  5-1/4-121CH  TRICK 

6.1  Objectives  of  Phase  IV.  The  continuation  of  qualifying  HSLA  A710 
Class  3  (modified)  material  with  100  ksi  minimum  yield  in  thicknesses 
from  3-1/4  inches  through  5-1/4  inches,  using  various  welding  processes 
to  the  specification  requirements  of  MIL-STD-248C  for  HYIOO  material 
concluded  this  project's  studies  and  testing  of  A710  material.  The 
objective  of  this  phase  was  to  demonstrate  whether  or  not  the  A710, 
Claaa  3,  material  could  equal  or  exceed  typical  values  required  of 
HYIOO,  and  therefore  be  considered  as  a  substitute  steel  in  areas  such 
as  ship  decks,  shear  strake,  hull  and  bulkhead  applications  where  HYIOO 
is  currently  used. 

6 . 2  Weld  Joint  Designs,  Parameters,  Test  Results,  Macro,  and 

Micros  tructures  of  Welds.  The  detailed  procedure  tests,  results,  and 

and 


equipment  used  in  this  phase  are  given  in  Appendices  A 


B. 


Addendum  (added  to  guide  the  reader  to  appendices  and  figures  developed 
in  welding  and  testing  the  100  ksi  HSLA  SteelS) 

Appendix  A,  pages  A-29  through  A-104,  provide  the  unabstracted 
data  produced  by  Phase  IV  of  this  project.  For  each  plate  thickness 
-  3-1  /4  inches,  4-1/4  inches,  4-3/4  inches  and  5-114  inches  and  for 
each  weld  process  used,  a  joint  sketch  is  provided  that  gives  bevel 

angles,  rOOt  Ope~gs,  consumable  identity,  weld  process,  weld  pass 
sequences,  electrical  parameters  and/for  total  heat  input  values  and 
other  details  of  the  test  assemblies.  (See  Figure  14.)  Following 


each  joint  sketch  are  laboratory  test  data  reports  on  tensiles,  yield 
strength,  location  of  fractures  and  test  methods.  Chsrpy  V-notch 
test  reports  provide  results  for,  each  sample  and  an  evaluation  of 


shear  versus  brittle  mode  failure.  (See  Figure  15.) 
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WELD  JOINT  DESIGN 


PHASE  H 


Figure  14.  Weld  Joint  Designs  and  Weld  Processes  For 

3-1 /4-Inch  to  5-1 /4-Inch  Thick,  100  Ksi  Yield 
Strength  Modified  ASTM  A710,  Grade  A,  Class  3 


29 


PHASE  IDE  RESULTS 


THICK¬ 

NESS 

PROCESS  AND  KJ/IN 
CONSUMABLES  INPUT 

ALL  WELD  METAL 

Y.P.  T.S.  fct 

REDUCED  SECTION 
%RA  Y.P7  T.S. 

*CHARPYS  AT 
W  1  MM 

-60°F 

5  MM 

3  1/4 

SMAW-EI20I8M 
ALLOY  RODS 

62 

129 

138 

20 

60 

108 

118 

32 

117 

90 

3  1/4 

SAW-TANDEM 
DC  LEADS 

AC  TRAIL 

198 

81 

107 

24 

65 

99 

114 

19 

28 

157 

3  3/4 

GMAW-LTECH 
120  W/98%A 

61 

132 

139 

19 

63 

118 

124 

55 

141 

120 

3  3/4 

SAW-TANDEM 
DC  LEAD 

AC  TRAIL 

198 

90 

108 

25 

58 

105 

111 

20 

158 

107 

4  1/4 

SAW-DC 
NARROW  GAP 

89 

102 

III 

25 

64 

102 

114 

12.6 

197 

112 

4  1/4 

SAW-TANDEM 
DC  LEAD 

AC  TRAIL 

204 

88 

108 

24 

65 

.98 

113 

11.2 

107 

47 

4  3/4 

SAW-DC 
NARROW  GAP 

83 

105 

N2 

23 

'  64 

106 

118 

21 

141 

67 

4  3/4 

SAW 

DC  LEAD 

AC  TRAIL 

162 

90 

110 

26 

65 

104 

113 

12.3 

72 

126 

5  i/4 

SAW-DC 
NARROW  GAP 

9! 

103 

112 

14 

26 

102 

115 

16 

152 

66 

5  1/4 

SAW 

DC  LEAD 

AC  TRAIL 

162 

80 

no 

25 

1  65 

1 

91 

HO 

15 

96 

107 

*AI  t 

■nuu 

TUARDV 

vi  ini  it  i 

»U*Q 

1  V> 

ARF 

m  «  taa 

TRAMSVFRSF 

Figure  15.  Physical  Properties  Resulting  from  Various  Weld  Processes  and  Heat  Inputs 
for  3—1/4  Inch  to  5—1/4  Inch  ASTM  A710,  Grade  A>  Class  3,  Modified  to  100  ksi  Yield  Strength 


Heat  affected  zone  testing  of  charpy  V-notch  toughness  is  given 


at  -60  degrees  F.  For  some  test  assemblies  weld  metal  was  retested 
at  -40  degrees  F,  -20  degrees  F,  -10  degrees  F  and  at  0  degrees  F. 
(See 


Figure  16.  ) 


Appendix  A, 


A  macroetch  photo  and  microstructure  are  provided  for  the  3-3/4  inch 
mig  weld;  macros  snd  microstructure  are  given  for  the  4-1/4  inch, 
4-3/4  inch  and  5-1/4  inch  sub-arc  welds  described  in 
pages  A-47  through  A-89. 

Some  data  relating  to  analyais  of  the  low  toughness  values  of  the 
Phase  IV  weldments  is  available  in  the  chemical  analyses  of  veld 
deposits  and  weld  wire  and  in  the  phone  memorandum  of  J.  West 
(Bethlehem)  to  Dave  Mayer  (LTEC) ,  Appendix  A,  pages  A-90  through 
A-98  .  The  metallurgical  description  of  microstructure  on  page  A-58 
also  applies. 

Mill  reports  from  Kawasaki  Steel  provide  tensile,  chemistry,  impact 
test,  hardness,  heat  treat  schedules,  and  other  base  line  data  on  the 
steel  plates  and  are  included  on  pages  A-98  to  A-104. 

Addendum  by  0.  J.  Davis 


6.3  Welding  Processes  and  Consumables.  Welding  processes  and  consumables 
used  in  the  final  phase  of  this  study  included: 

SMAW  E12018-M  Allow  Rods  "Atom  Arc"  Electrodes 

GMAW  ER120S-1  L-Tee  120  Wire  with  98  percent  AR  -  2  percent 

Oxy  Shielding  Gas 

SAW  F11A6-EM4-M4  L-Tee  120  Wire  with  L-Tec  0091  Flux 


31 


CHARPY  IMPACT  VALUES  AT  -flO*F  (FT-LBS)  CHARPY  IMPACT  VALUES  AT  -60*F  (FT-LB3) 


WELD  METAL 


_  zoo 

V) 

o 

-J  >90 


Fig;ure  16.  Graphs  of  Weld  Metal  and  Heat:  Affected  Zone  Toughness  for 
Weldments  of  3-1/4-Inch  to  5--l/4-Inch  Thick,,  ASTM  A710, 
Grade  A,  Class  3  Modified  to  100  Ksi  Yield  Strength 
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6.4  Discussions  of  Welding  Practice  for  10  Test  Plates.  Ten  (10)  test 
plate  assemblies  were  welded.  Test  plates  were  furnished  in  the 
quenched  and  precipitation  hardened  condition  as  described  in 


Appendix  A.  Eight  (8)  of  the  ten  (10)  test  plates  were  welded  using 


the  SAW  process  of  which  three  (3)  plates  were  joined  by  the  narrow  gap 
technique.  The  other  two  (2)  test  plates  were  welded  using  the  SMAW 
and  GMAW  process.  Techniques  used  to  fabricate  plates  were  for  the 
most  part  standard  fill  and  cap,  although,  the  tamper  bead  technique 
was  performed  on  several  teat  plate  assemblies.  Preheat  of  test  plates 
ranged  from  drying  (approximately  125  degrees  F)  to  300  degrees  F. 
Maximum  interpass  temperatures  ranged  from  400  degrees  to  600  degrees 
F.  The  last  three  (3)  test  plates  (Nos.  8,  9,  and  10)  were  limited  to 
400  degrees  F  maximum.  Joint  restraint  for  all  test  plates  was  low. 
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6.5 


Heat  Inputs  for  Phase  IV  Plates. 


Heat  inputs  ranged  from  61  KJ/in. 


6.6 


6.7 


(See 


Appendix  A  Joint  Design  Sheets.  ) 


Drying  of  Flux  For  Sub-Arc.  L-Tee  0091  Flux  was  dried  at  250"F  for  4 
hours  minimum,  from  sealed  bag  prior  to  use. 

Moisture  Control  of  SMAW  Electrodes.  Stick  electrodes  were  used  from 
freshly  opened  hermetically  sealed  containers  or  from  electrode  oven 
held  at  250  degrees  -  300  degrees  F  prior  to  use.  All  electrodes 
removed  from  oven  or  container  were  consumed  within  a  1/2  hour  time 
frame . 
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7.0 


PHASE  IV  RESULTS 


a.  Transverse  Neld  Metal  Tension  Tests  exceeded  100  ksi  minimum  yield 
on  seven  (7)  of  the  ten  (10)  test  plates.  The  three  (3)  plates 
that  failed  to  meet  the  100  ksi  minimum  yield  were  welded  using 
heat  inputs  over  160  KJ/in. 

b.  Neld  Metal  Tension  Tests  exceeded  100  ksi  minimum  yield  only  on 
test  plates  with  heat  inputs  of  91  KJ/in.  or  less. 

c.  Charpy  V-notch  Weld  Metal  Impact  Tests  were  acceptable  only  with 
the  manual  and  semi-automatic  welding  processes.  The  higher  heat 
inputs  of  the  automatic  welding  process  resulted  in  at  best 
marginal  CVN  values. 

d.  Heat  Affected  Zone  Charpy  V-notch  Impact  Tests  were  excellent  and 
generally  met  or  exceeded  unaffected  base  metal  properties. 

e.  Arc  blow  problems  began  to  manifest  during  sub  arc  welding  of 
thicker  plates.  Rearranging  or  splitting  the  ground  cable  was  not 
always  successful  in  eliminating  this  problem.  Neld  bead  profile 
and  slag  removal  were  undesirable  under  these  conditions. 

f.  Nozzle  alignment  with  weld  groove  is  exacting  using  the  narrow  gap 
process,  otherwise  the  contact  nozzle  would  short  out  due  to  the 
insulation  rubbing  off  on  side  wall  of  joint. 

g.  The  air  cooled  MT-400  GMAN  torch  head  O-rings  would  deteriorate 
under  sustained  use  allowing  air  in  gas  line.  This  resulted  in 
scattered  and  cluster  porosity  problems. 

h.  Submerged  arc  weld  metal  deposits  of  F11A6-EM4-M4  classification 
suffered  significant  core  ingredient  losses  (eg.  :  Mn,  Ni,  Cr,  Mo) 
while  gaining  appreciable  amounts  of  Si.  This  undoubtedly 
accounted  for  the  low  upper  shelf  Charpy  values  in  the  weld  metal 
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deposit.  Further  chemical  analysis 


(Appendix  A) 


of  the 


FL  1A6-EM4-M4  wire-f  lux  combination  used  in  this  study  revealed 
that  both  the  core  wire  and  weld  deposit  analysis  did  not  meet  the 
classification  stated  above.  This  aspect  was  confirmed  with  the 
manufacturer's  representative  (see  phone  memo  attached)  who  when 
contacted  indicated  the  classification  of  this  wire-flux 
combination  should  have  been  listed  under  the  SFA  5.23  :EG 
grouping.  (See 


Figure  17 


for  CVN  values.  ) 


Micro  structure  analysis  of  several  test  plate  specimens 
consistently  revealed  a  fine  dendritic  grained  ferrite  and 
pearlite  formation  in  the  weld  metal  deposit.  Only  test  plate  No. 

3  (GMAW)  revealed  a  more  desirable  Widmanstatten  ferrite  platelets 
with  some  pearlite  in  the  weld  deposit. 

Precipitate  shown  at  grain  boundaries  are  believed  to  be 
compounds  of  Fe,  and  Cr3C2  as  observed  in  photomicrographs  Numbers 

4  and  6,  and  Phase  IV  test  plates  numbers  6  and  10  respectively. 
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PHASE  IE 


WELD  CENTERLINE  CHARPY  VALUES  AT  VARIOUS  TEMPERATURES 


PLT 

* 

THICK¬ 

NESS 

KJ/IN 

INPUT 

-60° 

F 

-40° 

F  • 

o 

O 

V  u. 

-10° 

F 

0° 

F 

5 

4  1/4' 

89 

12.6 

23 

28 

39 

6 

4  1/4’ 

204 

11.2 

21 

42 

51 

7 

4  3/4* 

83 

21 

23 

27 

38 

8 

4  3/4* 

162 

12.3 

28 

20.5 

52 

9 

5  1/4* 

91 

16 

29 

33 

47 

10 

5  1/4* 

162 

15 

19.3 

30 

27 

PLATES  6,7,10  -  DUAL  SAW  -  TWO  SIDES 
PLATES  5,7,9  -  SINGLE  SAW  N.G.  ONE  SIDE  ONLY 


I 

i 

* 

I 

j 


Figure  17.  Weld  Centerline  Charpy  Values  at  Various  Temperatures 
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8.0 


PHASE  III  AND  IV  COMMENTS  AND  CONCLUSIONS 


a.  The  test  results  obtained  in  Phase  ill  and  IV  indicated  th2t 
excellent  strength,  toughness,  and  ductility  is  an  inherent 
characteristic  of  A710,  Class  3  (modified)  material.  Charpy 
V-notch  values  in  the  coarse  grained  heat  affected  zone  (HAZ)  and 
the  HAZ-weld  metal  interface  was  consistently  superior  to  the  weld 
metal  deposits. 

b.  No  occurrence  of  hydrogen  induced  HAZ  cracking  was  observed  in  the 
18  welded  test  plate  assemblies.  The  low  sensitivity  to  haz 
cracking  of  A710,  Class  3,  modified  makes  this  material  an  ideal 
candidate  for  use  in  areas  where  optimal  welding  conditions  cannot 
be  met.  Additionally,  significant  cost  reductions  are  realized 
through  reduced  preheat  requirements,  less  stringent  interpass 
temperature  controls  and  reduced  frequency  of  underbead  or 
hydrogen-assist  ed  cracking  problems. 

c.  The  unique  chemistry  of  A710,  Class  3,  modified  material  provided 
excellent  weldability  with  all  of  the  commonly  used  welding 
processes . 

d.  Effects  of  high  heat  input  welding  (up  to  230  KJ/in.  )  did  not 
produce  serious  heat  affected  zone  degradation,  although,  reduced 
heat  input  values  are  mandatory  to  yield  acceptable  charpy  V-notch 
values  in  the  weld  metal  deposit. 

e.  Continued  development  of  welding  consumables  by  the  various 
manufacturers  is  required  to  prevent  the  weld  metal  deposit  from 
becoming  the  limiting  factor  when  selecting  A710,  Class  3, 
modified  material  for  use. 
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APPENDIX  A 


WELDING  PARAMSTESR,  TECRNIQDS  ANO  LABORATORY  REPORTS 
SUPPLEMENTRY  DATA  FOR  PHASE  111  AND  IV  JOINT  DESIGNS, 
WELDING  PARAMETERS  ,  IRDEPENOSNT  LABORATORY  ANALYSIS  REPORTS, 
MACRO  ANO  MICROSTRUCTURES  ,  WELD  WIRE  ANALYSIS  STEEL  MILL 
CERTIFICATION  TEST  REPORTS 


A-l 


PLATE  NO.  EO  -  I  ,  VERTICAL  POSITION 

L!NDE-.045"-!20  ELECTRODE 
125  AMPS,  18  TO  19  VOLTS.  3  INCH /MIN. 

38  KJ/INCH  HEAT  INPUT 


60° 


Figure  A-l.  ASTM  A710  Modified  to  100  Ksi  Yield  Strength 
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technician.  Jo1™  Blair 
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Figure  A-2.  Tensile  and  Bend  Tests  for  Plate  III-l 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


F,le  No.  i09230° 

Beaumont  June  17,  1986 

_ _ _ _ _ _ ,  Texas. _ 


To- 


IMPACT  TESTS  ON  STEEL 
Bethlehem  Steel  Corporation 


P.  0.  No- 
Material— 


6939-006 


..Dace  of  Tesc_ 


6-11-86 


A-710,  Gr.  A,  Cl. 3  Modified,  3/4"  Thickness 


Plate  "1" 


laentintauon  mar 

ASTM 

A-370,  SWL  No.  9706- 

-102-75,  Rev.  2 

T.O. 

Ser.  #8440 

Test  Method: 

7"  Notch  Simple  Beam  Charpy 

16.8  ft.  oer  second 

264  ft.  pounds 

Specimen  Type:. 

"A" 

10mm  x  10mm 

Specimen  Temp: 

Minns  60°F _ 

*  A  A 

Effective 

Width,  In 

Section  Size, 

Impact  Value 

Lateral  Exp. 

Identification 

Inches 

In  Inches 

Ft.  Lbs. 

Mills 

%  Shear 

Weld  If  1 

.395 

.315 

66 

26 

40 

Weld  #2 

.394 

.315 

77 

32 

40 

Weld  If  3 

.395 

.315 

63 

25 

40 

Weld  #4 

.395 

.315 

69 

30 

40 

Weld  If 5 

.394 

.315 

71 

28 

40 

Fusion  Line 

+lmm  111 

.394 

.315 

95 

45 

70 

#2 

.394 

.315 

96 

46 

70 

If  3 

.395 

.316 

94 

50 

70 

#4 

.394 

.315 

97 

51 

70 

If  5 

.394 

.315 

97 

47 

70 

Fusion  Line 

+5mm  It  1 

.395 

.315 

88 

45 

70 

ill 

.394 

.315 

79 

35 

50 

n 

.395 

.315 

79 

34 

50 

#4 

.395 

.315 

96 

46 

70 

If5 

.395 

.315 

73 

34 

60 

Copies:  3-Eethlehem  Steel  Corporation 

Attn:  Mr.  Todd  Anderson 


Lab.  No.  92777mm 


Southwestern  Laboratories 
P“ 


Our  lattm  and  rrport*  at*  for  tha  «*elurjv<?  u»e  of  ih«  dtrnt  to  whom  tbry  ar*  addrroed.  The  u*r  of  our  name  muit  r«re*iv«  our  prior  written  approval.  Our 
l*U*ra  and  r*port»  apply  only  to  in*  unplt  (rated  and/or  Intprctrd,  and  arr  not  ncci—  arlly  Indicative  of  t h*  qualltle*  of  apparently  Identic*!  or  rlrallar  products. 


Figure  A-3.  Impact  Tests  at  -  60  Degrees  F  for  Plate  III-l 


A-4 


PLATE  NO.  EQ  -  2  ,  VERTICAL  POSITION 

Ll NDE-.045"-l20  ELECTRODE 
125  AMPS.  18  TO  19  VOLTS,  3  INCH/MIN. 

38  KJ/iNCH  HEAT  INPUT 


60° 


WELD  PROCESS-GMAW 

THICKNESS  I  1/4 " 


JOINT  DESIGN  (2) 
0"  ROOT  OPENING 


Figure  A-4.  SMAW  Weld  of  1-1/4-Inch  Thick  100  ksi  Yield  Strength  Steel 

0 
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SOUTHWESTERN  LABORATORIES 


REPORT  OF  TESTS  ON  METAL  SPECIMENS 


Beaumont 


TO; 

PROJECT 

MATERIAL 

IDENTIFICATION 
SPEC.  REFERENCE 


Bethlehem  Steel  Corporation 
Mechanical  Testing  of  Welding  Procedure 
A-710,  Gr.  A,  Cl. 3  Modified,  1-1/4"  Thickness 
Plate  "2" 

ASME  Sec.  IX,  SWL  No.  9706-103-75,  Rev.  1 


file  no. 


4092300 


.TEXAS _ 

REPORT  NO. 

ORDER  NO. 


June  17,  1986 
92765mm 
6939-006 


Specimen 

r~ 

su* 

Sq.  in- 
Area 

Yield,  0.S.I.* 

Ultimate 
Strength,  lbs. 

RBRl 

mm 

%  R.A. 

Location  of  Fracture 

REQUIRED: 

T-1A 

1.508 

x  .596 

.8987 

111,152 

107,900 

120,053 

Parent 

Metal 

T-1B 

1.503 

x  .552 

.8296 

114,023 

98,700 

118,964 

Fusion 

Line 

T-2A 

1.526 

x  .517 

.7889 

112,809 

94,700 

120,034 

Parent 

Metal 

T-2B 

1.528 

x  .625 

,955 

117,986 

116,300 

121,780 

Parent 

Metal 

T— 3 

.497" 

Dia. 

.1940 

127,319 

25,380 

130,824 

11.5% 

37.4% 

Side  Bend  If  1 
Side  Bend  If2 
Side  Bend  #3 
Side  Bend  #4 


Satisfactory 

Unsatisfactory 

Satisfactory 

Unsatisfactory 


TECHNICIAN! 

CCPIESTOl 


John  Blair 

3-Bethlehem  Steel  Corporation 
Attn:  Mr.  Todd  Anderson 


SOUTHWESTERN  LABORATORIES 


Our  tetters  and  reports  are  for  the  exclusive  us*  of  th«  cll*nt  to  whom  they  are  Addressed.  The  use  of  ourname  must  receive  our  prior  written  approval.  Our  letters 
and  reports  apply  only  to  the  simple  tested  and/or  Inspected,  and  are  not  necessarily  Indicative  of  the  qualities  of  apparently  Identical  or  similar  products. 


Figure  A-5.  Tensile  and  Bend  Tests  for  Plate  III-2 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


File  No.  4092300 

Beaumont _ >  ir-rn  June  17,  1986 


IMPACT  TESTS  ON  STEEL 


To _ 

P.  O.  No. _ 

Material _ 

Identification  Marks. 
Specificati  on  s _ 


Bethlehem  Steel  Corporation 


6939-006 


A-710,  Gr. 


_ Date  of  Test 

A,  Cl. 3  Modified,  1-1/4"  Thickness 


Place  " 2 " 


ASTM  A-370,  SWL  No.  9706-102-75,  Rev.  2 


6-11-86 


Testing  Machine: _ i _ — 

Linear  Velocity  of  Hammer:. 

Effective  Energy: _ 

Specimen  Size: _ 


Ser.  #8440 

16.8  ft.  per  second 

264  ft.  pounds _ 

lOnan  x  10mm _ 


.Test  "vn  Motch  SlmPle  Beam  Charpy 


.Specimen  Type: _ "A" _ 

.Specimen  Temp: _ Minus  60°F 


Effective 


Specimen 

Identification 

Width,  In 
Inches 

Section  Size, 
In  Inches 

Impact  Value 
Ft.  Lbs. 

Lateral  Exp. 
Mills 

7o  Shear 

Weld  //I 

.395 

.315 

71 

24 

60 

Weld  n 

.394 

.315 

57 

20 

40 

Weld  If3 

.395 

.315 

78 

34 

60 

Weld  it 4 

.394 

.315 

72 

29 

70 

Weld  it5 

.395 

.315 

76 

30 

70 

Fusion  Line 

+lmm  It  1 

.394 

.315 

70 

28 

40 

ft2 

.394 

.315 

80 

40 

40 

it  3 

.394 

.315 

73 

36 

40 

H 

.394 

.315 

62 

28 

40 

it  5 

.394 

.315 

77 

38 

50 

Fusion  Line 

+5mra  It  1 

.394 

.315 

68 

30 

40 

it  2 

.394 

.315 

62 

25 

30 

it  3 

.395 

.315 

68 

32 

40 

H 

.394 

.315 

49 

19 

30 

J5 

.395 

.315 

61 

30 

30 

Copies:  3-Bethlehem  Steel  Corporation 

Attn:  Mr.  Todd  Anderson 


Lab.  No.  92778mm 


Southwestern  Laboratories 


Outr  *nd  r*port«  •*+  ior  the  cxdutfvc  u*e  of  the  client  to  whom  they  are  addret^d.  The  uac  of  out  name  muit  receive  our  prior  written  appcwtL  Our 

letteri  and  report*  apply  only  to  the  aampte  tested  end/or  Inspected,  end  ere  not  ntormrily  Indicative  of  the  quelLtle«  of  apparently  Identkal  or  slmUer  product*. 


Figure  A-6.  Impact  Tests  at  -  60  Degrees  F  for  Plate  III-2 
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PLATE  NO.  HE  -  3  ,  FLAT  POSITION 

ALLOY-RODS  EII0I8M  l/9n  AND  5/32“ 

95-130  AMPS,  18  TO  19  VOLTS,  3  INCH/M1N. 

27  KJ/INCH  HEAT  INPUT 


60° 


SECOND  SIDE 


WELD  PROCESSES MAW 

THICKNESS  I  1/4“ 

JOINT  DESIGN  (S) 
0"  ROOT  OPENING 


Figure  A-7.  Weld  Test  Assembly  for  SMAW  Weld 
of  1-1/4-Inch  Thick  100  ksi  Yield  Strength  Steel 


SOUTHWESTERN  LABORATORIES 


REPORT  OF  TESTS  ON  METAL  SPECIMENS 


Beaumont 


FILE  NO. 

.TEXAS _ 


4092300 

7/8/86 


TO: 

PROJECT 

MATERIAL 


Bethlehem  Steel  Corporation 

Mechanical  Testing  of  Welding  Procedure 

A-710  Grade  A  Class  3  Modified,  1-1/4"  TK 


REPORT  NO. 

OROER  NO. 


92795-cr 

6939-006 


IDENTIFICATION  place  jf 3 

SPEC. reference  ASME  Sec.  IX,  SWL  No.  9706-103-75  Rev.  1 


Specimen 

Sira 

Sq. in. 

Area 

Yield,  p.$.U* 

Ultimate 
Strength,  lbs. 

%  Cl. 

|  %  ft  .A. 

Location  of  Fracture 

REQUIRED 

: 

T-l  A 

1.477x.618 

.9127 

110,102 

105,700 

115,799 

Weld  Metal 

T-l  B 

1.505x.563 

.8473 

105,037 

96,200 

113,535 

Weld  Metal 

T-2A 

1.484x.539 

.7998 

112,517 

94,700 

118,393 

Weld  Metal 

T-2B 

1.526x.658 

1.00 

111,541  . 

118,200 

117,716 

Parent  Metal 

T-3 

.505"  Dia. 

.2003 

124,812 

24,990 

124,762 

N/A 

N/A 

* 

(all  weld) 

Side  Bend  #1  -  Unsatisfactory 
Side  Bend  iil  -  Unsatisfactory 
Side  Bend  if 3  -  Unsatisfactory 
Side  Bend  if 4  -  Unsatisfactory 

*  Fracture  Outside  of  Gauge  Marks 


TECHNICIAN: 
COPIES  TO: 


John  Blair 
3-Todd  Anderson 


SOUTHWESTERN  LABORATORIES 


Our  let  tars  and  reports  ire  Car  the  exclusive  use  of  the  client  to  whom  they  are  addressed.  The  use  of  ounum*  must  receive  our  prior  written  approval.  Our  litters 
and  raport*  apply  only  to  the  sample  tested  and/or  Inspected,  and  ara  not  necessarily  Indicative  o<  the  qualities  of  apparently  Identical  or  similar  products. 


Figure  A-8.  Tensile  and  Bend  Tests  for  Plate  III-3 
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_ _ _  SOUTHWESTERN  LABORATORIES 

fRECEW&G  yORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 

JUL15  \386  I  File  No.  4092300 

I  \  _ Beaumont _ 7/9/86 


To_ 


IMPACT  TESTS  ON  STEEL 


Bethlehem  Steel  Corporation 


6939-006 


_ Date  of  Test _ 6/11/86 


r.  yj.  inu, - 

A-710  Gr. 

A,  Cl. 3  Modified,  1-1/4"  TK 

Plate  3 

ASTM  A-370,  SWL  No 

.  9706-102-75 

Rev.  2 

0.  Ser.#  88440 

Test  Method:  "V" 

Notch  Simple 

Beam  Charpy 

ft.  per  second 

264  ft.  pounds 

Specimen  Type: 

"A" 

10mm 

x  10mm 

Specimen  Temp: 

Minus  60°F 

Effective 

Specimen 

Width, 

Section  Size, 

Impact  Value 

Lateral  Exp. 

Identification 

In  Inches 

In  Inches 

Ft.  Lbs. 

Mills 

%  Shear 

Weld  //I 

.395 

.315 

26.0 

8.0 

20 

2 

.395 

.315 

35.0 

11.0 

20 

-  3 

.395 

.315 

16.0 

1.0 

20 

4 

.395 

.315 

18.5 

11.0 

20 

.  5 

.395 

.315 

27.0 

8.0 

20 

Fusion  Line  1 

.395 

.315 

79.0 

33.0 

60 

+lmm  2 

.395 

.315 

70.0 

34.0 

5i> 

3 

.395 

.315 

55.0 

25.0 

40 

4 

.395 

.315 

69.0 

32.0 

40 

5 

.395 

.315 

53.0 

24.0 

40 

Fusion  Line  1 

.395 

.315 

57.0 

25.0 

40 

+5mm  2 

.395 

.315 

65.0 

35.0 

40 

3 

.395 

.315 

59.0 

28.0 

40 

4 

.395 

.315 

63.0 

28.0 

40 

5 

.395 

.315 

60.0 

28.0 

40 

Tnr 


Lab,  No.  92822-cr 


Southwestern  Laboratories 
0 


Our  litters  and  npcrtr  its  for  lha  rxeluiivc  us*  of  th«  clSrnt  to  whom  th*y  an  addnastd.  The  use  of  our  nan*  must  ncslv*  our  prior  written  tpcconl  Our 
tetters  and  nporta  apply  only  to  the  aampte  tested  and/or  inspected,  and  an  not  ntc>  warily  Indicative  of  the  qualities  of  apparently  Identical  or  similar  products. 


Figure  A-9.  Impact  Tests  for  Plate  III-3 


A-10 


PLATE  NO.  HE  -  4  ,  FLAT  POSITION 

LINDE  IOO  5/32"  AND  0091  FLUX 
D.C.  LEAD  ARC  600  TO  900  AMPS.  38  TO  39  VOLTS 
A. C. TRAIL  ARC  650  AMPS.  41  VOLTS 
AVERAGE  TRAVEL  SPEED  =  IS  INCH/MIN. 

230  KJ/INCH  HEAT  INPUT 


60° 


WFLD  PROCESS-DUAL  SUB  ARC 

THICKNESS  1  3/4'' 


JOINT  DESIGN  (4) 
1/4"  ROOT  OPENING 


Figure  A-10.  Sub  Arc  Weld  Test  Assembly  for 
1-3/4-Inch  Thick  100  ksi  Yield  Strength  Plate 
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SOUTHWESTERN  LABORATORIES 


REPORT  OF  TESTS  ON  METAL  SPECLMENS 


FH.ENO.  4092300 

Beaumont 

TEW  AS  7/8/86 

TO  i 

Bethlehem  Steel  Corporation 

report  no.  92794-cr 

PROJECT 

Mechanical  Testing  of  Welding  Procedure 

ORDER  no.  6939-006 

MATERIAL 

A-710  Grade  A  Class  3  Modified,  1-3/4"  TK 

IDENTIFICATION 

Plate  4 

SPEC.  REFERENCE 

ASME  Sec.  IX,  SWL  No.  9706-103-75  Rev.  1 

Specimen  | 

Size 

Sq.  m. 
Area 

Yield,  p.s.L* 

Ultimate 
Strength,  lbs. 

■ 

I  %  El. 

%  RA 

Location  of  Fracture 

REQUIRED 

»: 

T-1A 

1.531x.797 

1.22 

103,834 

137,300 

112,521 

Parent 

Metal 

T-1B 

1.512X.844 

1,27 

76,402 

146,000 

114,408 

Parent 

Metal 

T-2A 

1.47  lx. 892 

1.31 

74,687* 

144,800 

110,354 

Parent 

Metal 

T-2B 

1.476x.801 

1.18 

103,190 

129,600 

109,619 

Parent 

Metal 

Side  Bend  If  1  -  Satisfactory 
Side  Bend  #2  -  Satisfactory 
Side  Bend  If 3  -  Satisfactory 
Side  Bend  #4  -  Satisfactory 

T-3  .507"  dia.  .2019  86,676  24,260  120,158  23%  51% 
*  Fracture  Outside  of  Gauge  Marks 


TECHNICIAN.  John  Blair 

COPIES  TO. 

3-Todd  Anderson 


SOUTHWESTERN  LABORATORIES 


Our  letters  end  reports  art  for  th«  exclusive  use  of  the  ctltnt  to  wftom  they  are  addressed.  The  use  of  our  name  must  receive  our  prior  written  approval.  Our  letters 
and  reports  apply  only  to  the  sample  tested  and/or  Inspected,  and  are  not  necessarily  indicative  of  the  qualities  of  apparently  Identical  or  similar  products. 


Figure  A-ll.  Tensile  and  Bend  Tests  for  Plate  III-4 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


File  No.  4092300 

Beaumont  Texas _ 7 /8/86 

IMPACT  TESTS  ON  STEEL 


Bethlehem  Steel  Corporation 


n  n  XT-  6939-006 

Date  of  Test - 

7/7/86 

A-7I0,  Gr.  A,  Cl. 3  Modified.  1-3/4"  TK 

Plate  4 

ASTM  A-370, 

SWL  No.  9706-102- 

-75  Rev.  2 

0.  Ser .It  88440 

Test  Method: 

Notch  Simple 

Beam  Charpv 

ft.  per  second 

264 

ft.  pounds 

.Specimen  Type: 

"A" 

10mm 

x  10mm 

.Specimen  Temp: 

Minus  60 °F 

-Ptiauc  1?D°.FL 

Effective 

Specimen 

Width, 

Section  Size, 

Impact  Value 

Lateral  Exp. 

Identification 

In  Inches 

In  Inches 

Ft.  Lbs. 

Mills 

%  Shear 

Weld  It 1 

.395 

.315 

14.0 

2.0 

20 

2 

.395 

.315 

14.0 

1.0 

20 

3 

.395 

.315 

16.5 

3.0 

20 

4 

.395 

.315 

17.0 

3.0 

20 

5 

.395 

.315 

18.0 

4.0 

20 

*  6 

.395 

.315 

7.5 

0 

10 

*  7 

.395 

.315 

7.0 

0 

10 

*  8 

.395 

.315 

9.0 

0 

10 

*  9 

.394 

.315 

6.5 

0 

10 

*10 

.395 

.315 

6.0 

0 

10 

Fusion  It  1 

.395 

.315 

44.0 

20.0 

10 

2 

.395 

.315 

47.0 

23.0 

10 

3 

.395 

.315 

48.0 

23.0 

10 

4 

.395 

.315 

72.0 

35.0 

20 

5 

.395 

.315 

63.0 

33.0 

20 

*  6 

.395 

.315 

31.0 

11.0 

10 

*  7 

.395 

.315 

13.0 

0 

10 

*  8 

.395 

.315 

49.0 

26.0 

10 

*  9 

.395 

.315 

17.0 

2.0 

10 

*10 

.  .395 

.315 

38.0 

16.0 

10 

Copies: 

3-Todd  Anderson 

Lab.  No. 


92824-cr 


Southwestern  Laboratories 


Pis 


Out  latwra  and  report*  am  tor  the  exclusive  uM  of  the  client  to  shorn  they  it*  addraesrd.  The  ua  of  our  name  must  receive  our  prior  written  approval.  Our 
ietun  and  reports  apply  only  lo  the  sample  tested  and/or  Inspected,  and  are  m*  necessarily  indicative  of  the  qualities  of  apparently  Identical  or  similar  products. 


Figure  A-12.  Impact  Tests  at  -60  Degrees  F  and  —120  Degrees  F 
for  Plate  III-4  (Sheet  1  of  2) 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


Beaumont 


File  No. 
Texas _ 


4092300 

7/9/86 


To_ 


IMPACT  TESTS  ON  STEEL 
Bethlehem  Steel  Corporation 


_ Dace  of  Test- 


r.  u.  iNU. - 

Gr.  A,  Cl. 3 

Modified,  1-3/4 

TK 

Plate 

4 

ASTM  A-370, 

SWL  So.  9706-102- 

■75  Rev.  2 

_r”' 

T.O.  Ser .it  88440 

Tpcr  Mf»rh«vh 

’V"  Notch  Simple  Beam  Charpy 

ft.  oer  second 

264  ft. 

.  oounds 

Specimen  Type: 

"A" 

10mm 

X 

10mm 

Specimen  Temo: 

Minus  60°F 

Effective 

Specimen 

Width, 

Section  Size, 

Impact  Value 

Lateral  Exp. 

Identification 

In  Inches 

In  Inches 

Ft.  Lbs. 

Mills 

%  Shear 

Fusion  Line  #1 

.395 

.315 

78.0 

40.0 

40 

+5nnn  2 

.395 

.315 

70.0 

32.0 

40 

3 

.395 

.315 

85.0 

45.0 

40 

4 

.395 

.315 

77.0 

37.0 

40 

5 

.395 

.315 

69.0 

27.0 

40 

Plate  *  H 

.395 

.315 

15.5 

2.0 

10 

*  2 

.394 

.315 

23.0 

9.0 

10 

*  3 

.395 

.315 

11.0 

9.0 

10 

*  4 

.395 

.315 

7.0 

0 

10 

*  5 

.395 

.315 

11.0 

0 

10 

Copies*  3-Bethlehem  Steel  Corporation 
Attn:  Todd  Anderson 


Lab.  No. 


92823- cr 


Southwestern  Laboratories 

pw^)w  £>• 


Out  Ictttrs  uni  reports  at*  for  Cm*  **  elusive  u**  of  th«  client  to  whom  they  art  addraaartt.  The  ua  of  our  name  mu*  receive  our  prior  written  approval.  Our 
Uttnt  end  repcru  apply  only  to  the  temple  tested  and/or  Inspected,  and  are  not  n  tee  warily  Indicative  of  the  qualities  of  apparently  Identical  or  dialler  products.  ( 


Figure  A-12.  Impact  Tests  at  -60  Degrees  F  and  -120  Degrees  F 
for  Plate  III-4  (Sheet  2  of  2) 
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PLATE  NO.  m  -  5  .  FLAT  POSITION 

LINDE  100  -  5/32"  AND  0091  FLUX 
D.C.  LEAD  500  TO  700  AMPS  34  VOLTS 
A. C. TRAIL  500  AMPS  37  VOLTS 
AVERAGE  TRAVEL  SPEED  20  INCH/M1N. 

127  KJ/INCH  HEAT  INPUT 


60° 


WELD  PROCESS-SAW 

THICKNESS  2  1/4“ 


JOINT  DESIGN  (5) 
0“  ROOT  OPENING 


Figure  A-13.  Dual  Sub-Arc  Weld  Test  Assembly  for 
2-1/4-Inch  Thick  100  ksi  Yield  Strength  Steel  Plate 
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SOUTHWESTERN  LABORATORIES 


TO  i 

PROJECT 

MATERIAL 

IDENTIFICATION 
SPEC.  REFERENCE 


Specimen 

Size 

Sq. In. 

1  Area 

Yield.  P.S.I.* 

Ultimate 
Strength,  lbs. 

Tensile 

Strength,  p.s.i. 

%  El. 

%  R.A.  | 

Location  of  Fracture 

REQUIRED 

l: 

T-1A 

1.521X.901 

1.370 

108,360 

157,700 

115,074 

Parent  Metal 

T-1B 

1.485x.663 

.9845 

100,654 

107,400 

109,084 

Weld  Metal 

T-2A 

1.492x.781 

1.165 

102,038 

127,800 

109,675 

Parent  Metal 

T-2B 

1.502x.803 

1.206 

99,327 

131,700 

109,194 

Parent  Metal 

T-3 

.509"  Dia. 

.2035 

97,297 

22,990 

112,972 

23 

64 

(all  weld) 

Side  Bend  #1  -  Satisfactory 
Side  Bend  ill  -  Satisfactory 
Side  Bend  H 3  -  Satisfactory 
Side  Bend  #4  -  Satisfactory 


REPORT  OF  TESTS  ON  METAL  SPECIMENS 


Beaumont 


Bethlehem  Steel  Corporation 
Mechanical  Testing  of  Welding  Procedure 
A-710,  Cl. 3  Modified,  2-1/4"  TK 
Plate  "5” 

ASME  Sec.  IX,  SWL  No.  9706-103-75  Rev.  1 


4092300 

8/14/86 


REPORT  NO. 


ORDER  NO. 


92902-cr 

6939-006 


TECHNICIAN* 
COPIES  TO* 


'  RECEIVED  I 


John  Blair 
3-Todd  Anderson 


AUG  2  8  1386 

■if1'!*.,  ilt _ lll>lU  LuP  I  , 


SOUTHWESTERN  LABORATORIES 

AJ2'' 


Our  tetters  and  reports  ir*  far  the  exclusive  use  of  the  client  to  whom  they  are  addressed.  The  use  of  our  name  must  receive  our  prior  written  approve f.  Our  fetters 
end  reports  apply  only  to  the  sample  tested  and/or  Inspected,  and  are  not  necessarily  Indicative  of  the  dualities  of  apparently  Identical  or  similar  products. 


Figure  A-I4,  Tensile  and  Bend  Tests  for  Plate  III-5 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


File  No.  4092300 
Beaumont  Tcy.«  8/20/86 


IMPACT  TESTS  ON  STEEL 


To 

P  n  Mr> 

6939-006 

Date  of  Test  8/14/86  _  . 

A-710  Cl. 3  Modified,  2-1/4"  TK 

ASTM  A-370,  SWL  No.  9706-102-75 

Rev.  2 

T.o.  Ser.i?  88440 

Test  Method:  "v" 

Notch  Simple  Beam  Charpv 

Specimen  Type: 

"A" 

10mm  x  10mm 

Specimen  Temp: 

Minus  60° F 

- - - — - - - —  - 

Effective 


Specimen 

Identification 

Width, 

In  Inches 

Section  Si2e, 

In  Inches 

Impact  Value 
Ft.  Lbs. 

Lateral  Exp. 
Mills 

%  Shear 

Weld  #1 

.393 

.315 

19.0 

5 

30 

2 

.393 

.315 

26.0 

8 

30 

3 

.393 

.315 

47.0 

21 

30 

4 

.394 

.315 

47.0 

18 

30 

5 

.393 

.315 

21.0 

7 

30 

Fusion  Line  #1 

.394 

.315 

51.0 

26 

20 

+lmm  2 

.394 

.315 

56.0 

27 

20 

3 

.394 

.315 

63.0 

31 

20 

4 

.393 

.315 

52.0 

23 

30 

5 

.393 

.315 

53.0 

28 

20 

Fusion  Line  Ifl 

.394 

.315 

49.0 

24 

20 

+5mm  2 

.394 

.315 

49.0 

24  • 

20 

3 

.394 

.315 

53.0 

24 

20 

4 

.393 

.315 

60.0 

29 

20 

5 

.394 

.315 

39.0 

19 

20 

Copiest 


3-Todd  Anderson 


>.  No. 


92875-cr 


SOUTHWESTERN  LABORATORIES 


Our  tetter*  and  xuporta  ar*  for  tba  axduiive  un  of  th*  dlmt  to  «hom  they  an  addnaaeit.  Th«  um  of  our  name  Quit  neaiva  our  prior  written  approval.  Our 
team  and  rape na  apply  «nly  t*  tfc*  aaaapla  teated  and/or  lnaproted,  and  an  no^ncc— arily  indicative  of  tha  qualittes  of  apparently  fcteottea]  or  d  falter  product* 


Figure  A-15.  Impact  Tests  for  Plate  III-5  at  -60  Degrees  F 
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PLATE  NO.  m  -  6  ,  FLAT  POSITION 


OERLI KON-ARMCO  W-25  5/32"  AND  OERLIKON  0P121TT 
D.C.  LEAD  ARC  750  AMPS  38  VOLTS 
A.C.TRA1L  ARC  600  AMPS  38  VOLTS 
TRAVEL  SPEED  =  23  TO  30  INCH/M1N. 

125  KJ/INCH  HEAT  INPUT 


20° 


WELD  PROCESS-DUAL  SAW 

THICKNESS  2  3/4a 


JOINT  DESIGN  (?) 
1/2'  ROOT  OPENING 


Figure  A-16.  Weld  Test  Assembly  for  2-3/4- Inch  Thick 
100  ksi  Yield  Strength  Steel  Plate 
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SOUTHWESTERN  LABORATORIES 


REPORT  OF  TESTS  ON  METAL  SPECLMENS 


file  no.  4092300 

_ Beaumont _ texas _ 12-30-86 

toi  Bethlehem  Steel  Corporation 

project  Mechanical  Testing  of  Welding 
material  A-710  Cl.  3  Modified,  2-3/4" 
identification  Plate  6 

spec,  reference  ASME  Sec.  IX,  SWL  Mo.  9706—103—75  Rev.  1 


report  no.  93241— je 


Procedure 

tk. 


ORDER  NO. 


6939-006 
Phase  III 


Specimen 

Size 

5q. In. 

|  Area 

Yield,  p.s.I.# 

Ultimate 
Strength,  lbs. 

Tensile 

Strength,  p.s.I. 

%  El, 

%  R.A. 

1  Location  of  Fracture 

REQUIRED 

T-l 

T-2 

Is 

1.461  x  .731 

1.460  x  .753 

1.041  101,181  116,900  112,221  Weld  Metal 

1.099  98,691  117,700  107,060  Parent  Metal 

Side  Bend  //I  -  Unsatisfactory 
Side  Bend  #2  -  Unsatisfactory 
Side  Bend  #3  -  Satisfactory 
Side  Bend  ftU  -  Satisfactory 


technician:  John  Blair 

copies  toi  Todd  Anderson 


SOUTHWESTERN  LABORATORIES 


nX.  ft- 


Our  littiri  arid  reports  ir«  for  the  *xclu  jfv*  usi  of  the  client  to  whom  they  an  addressed.  The  use  of  our  nam«  must  racalva  our  prior  written  approval.  Our  lottari 
and  raports  apply  only  to  tha  sampl*  tested  and/or  Inspected,  and  art  not  necessarily  Indicative  of  the  qualities  of  apparently  Identical  or  similar  products. 


Figure  A-17.  Tensile  and  Bend  Tests  for  Plate  III-6 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 

File  No.  4092300 
Beaumont _ _  Texas, _ 12/17/37 

IMPACT  TESTS  ON  STEEL 

To _ Bethlehem  Steel  Cnrporr.fi.nn - 

p.  o.  No _ 6939-006  Phase  ITT _ .Date  of  Test..  12/30/86 - 

Material  a-710  ot.3  Modified.  2-3/ 4”  tk - 

Identification  Marks - Plate_6 — - . — - - - 

ASTM  A-370 .  SWL  No.  9706-102-76  Rev.  2 - 


Testing  Machine;  T.n.  Ser.  I  33440 _ Test  Method: - "£1. -N.otch_SiaT>le _Charpx 

Linear  Velocity  of  Hammer: - 16.8  ft.  per_.s_a£pnd - — - 

Effective  Energy: _ 264  ft.  pounds - Specimen  Type: — 2A!! - 

Specimen  Size: _ l  Omm  x  10mm  _  _ _ _ Specimen  Temp; _ Min.iis_Afl._E. - 


Effective 


Specimen 

Identification 

Width, 

In  Inches 

Section  Size, 

In  Inches 

Impact  Value 
Ft.  Pounds 

Lateral  Exp. 
Mills 

%  Shear 

Weld  ifl 

.394 

.315 

49 

24 

40 

It 2 

.395 

.315 

45 

26 

50 

#3 

.394 

.315 

52 

21 

40 

U 

.394 

.315 

47 

13 

50 

It 5 

.394 

.315 

57 

27 

40 

Fusion  Line 

•  • 

+  1  min 

in  . 

'.394 

.315 

84 

49 

50 

n 

.394 

.315 

76 

34 

50 

It  3 

.394 

.315 

24 

16 

10 

H 

.394 

.315 

70 

40 

40 

#5 

.394 

.315 

75 

42 

20 

Fusion  Line 

+  5  nm 

01 

.394 

.315 

68 

31 

20 

02 

.394 

.315 

68 

37 

20 

03 

.394 

.315 

83 

47 

20 

Oh 

.394 

.315 

62 

32 

20 

05 

.394 

.315 

73 

36 

20 

Southwestern  Laboratories 


tettm  and  rtport*  AT*  for  ti*  «xdu«K»o  u**  of  li»#  dlcnt  to  whom  Ibtf  *r*  wiir— m.  Tb*  u*«  of  our  bum  bu*  rootlvo  our  prior  wtltUn  fcSpco-r*!.  Our 
ktiiri  tnd  rtporti  Apply  only  to  Oto  uaplt  UMd  aad/or  tiuptcUd,  nd  or*  not  nwamrUy  ladktUv*  of  tbo  ^utlUict  of  «pp*c*ntty  Mcntial  or  dnllir  product*. 


Figure  A-18.  Impact  Tests  for  Plate  III-6  at  -40  Degrees  F 
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PLATE  NO.  in  -  7  ,  VERTICAL  POSITION 

LINDE  120  1/8-  W/  LINDE  CONSUMMABLE  GUIDE  TUBE 
AND  LINDE  124  FLUX 
700  AMPS  55  VOLTS 
AVERAGE  TRAVEL  SPEED  =  .4  INCH/MIN. 

5,770  KJ/INCH  HEAT  INPUT 


CU  BAR 


■PASS  *1 

700  AMPS  55  VOLTS -.4  INCH/MIN. 


CU  BAR 


WELD  PROCESS-ESW 

THICKNESS  3  1/4" 


JOINT  DESIGN  (7) 
T  ROOT  OPENING 


A— 21 


SOUTHWESTERN  LABORATORIES 


REPORT  OF  TESTS  ON  METAL  SPECIMENS 


file  no.  4092300 

Beaumont  texas  8/20/86 

toi  Bethlehem  Steel  Corporation  report  no.  92901-cr 

project  Mechanical  Testing  of  Welding  Procedure  order  no.  6939-006 

material  A-710  Cl. 3  Modified,  3/4"  TK 
identification  Plate  7 

spec,  reference  ASME  Sec.  IX,  SWL  No.  9706-103-75  Rev.  1 


- j 

1  Sq. In. 

J  Ultimate 

Tensile  i 

i 

Specimen 

Slaa 

j  Aral 

Yield.  p.s.l.* 

|  Strength,  lbs. 

Strength.  p.S.I.  | 

%  ei. 

%  RJ\.  | 

Location  of  Fracture 

REQUIRED: 


T-1A 

1.490 

X 

.824 

1.227 

89,186 

130,700 

160,454 

Weld 

Metal 

T-1B 

1.446 

X 

.796 

1.151 

91,136 

121,700 

105,732 

Weld 

Metal 

T-2A 

1.483 

X 

.638 

.9174 

96,681 

100,600 

109,652 

Weld 

Metal 

T-2B 

1.470 

X 

.619 

.9099 

91,765 

17,400 

107,041 

Weld 

Metal 

T-3  .510" 

(all  weld) 

Dia. 

.2043 

67,058 

21,760 

106,510  15.5 

34% 

Side  Bend  If l  -  Satisfactory 
Side  Bend  If2  -  Satisfactory 
Side  Bend  If3  -  Satisfactory 
Side  Bend  #4  -  Satisfactory 


TECHNICIAN! 
COPIES  Tpi 


SOUTHWESTERN  LABORATORIES 


John  Blair 
3-To:Id  Anderson 


Our  Utters  and  reports  are  for  the  exclusive  um  of  the  client  to  whom  th«y  are  addressed.  The  use  of  our  name  must  receive  our  prior  written  approval.  Our  letters 
and  reports  apply  only  to  the  sample  tastad  and/or  inspected,  and  are  not  necessarily  Indicative  of  tha  quallttas  of  apparently  Idanttcal  or  similar  products. 


Figure  A-20.  Tensile  and  Bend  Tests  for  Plate  III-7 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


File  No.  4092300 
_ Beaumont  Texas. _ 8/21/86 

IMPACT  TESTS  ON  STEEL 


To _ 

P.O.No. 


Bethlehem  Steel  Corporation 
6939-006 _ 


_ Date  of  Test 


8/14/86 


A-710  Cl. 3  Modified.  3-1/4"  TK 


Identification  Marks _ 1 - - - 

ASTM  A-370.  SWL  No.  9706-102-75  Rev.  2 


Testing  Machine:_TiOi_Seri£88MQ _ Test  Method: _ "V"  Notch  Simple  Charpy 

Linear  Velocity  of  Hammer: _ 16.8  ftT  per  ?econd - - - 

Effective  Energy: _ 264  ft.  pounds - Specimen  Type: - - - - 

Specimen  Size: _ IQmm  x  10mm - Specimen  Temp: - Minus  .60°F - 


Specimen 

Identification 

Width, 

In  Inches 

hrrective 
Section  Size, 

In  Inches 

Impact  Value 
Ft.  Lbs. 

Lateral  Exp. 
Mills 

%  Shear 

Weld  #1 

.394 

.315 

4.0 

0 

1 

2 

.394 

.315 

7.5 

0 

1 

3 

.394 

.315 

7.0 

0 

1 

4 

.394 

.315 

8.5 

0 

1 

5 

.394 

.315 

5.5 

0 

1 

Fusion  Line  it  1 

.394 

.315 

2.5 

0 

1 

+lmm  2 

.394 

.315 

4.0 

0 

1 

3 

.394 

.315 

3.0 

0 

1 

4 

.394 

.315 

4.5 

0 

1 

5 

.394 

.315 

2.5 

0 

1 

Fusion  Line  It  1 

.394 

.315 

3.5 

0 

1 

+5mm  2 

.394 

.315 

5.5 

0 

1 

3 

.394 

.315 

4.5 

0 

1 

4 

.394 

.315 

10.0 

0 

1 

5 

.394 

.315 

6.0 

0 

1 

Copies: 


3-Todd  Anderson 


92876-cr 


Southwestern  Laboratories 


tr  tetten  and  rtporti  art  for  tha  «eiu*ivo  u*»  of  th«  di*nt  to  whom  thty  art  addracaeri.  Th*  tut  of  our  nam*  muri  rtctlv*  our  prior  written  AppcotaL  Our 
ter*  And  rtporti  apply  only  it  (fat  tAinplt  t rated  and/or  tnnptcted.  and  art  not  iurt—rUy  lndJcttlvt  of  th*  quallttet  of  AppartnUy  ktemkaJ  or  rind  Ur  product* 


Figure  A-21.  Impact  Tests  for  Plate  III-7  at  -60  Degrees  F 
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PLATE  NO.  HI  -  3  ,  FLAT  POSITION 


OERLIKON-ARMCO  W-25  3/32“  AND  OERLIKON  0PI2ITT 
480  TO  500  AMPS  35  TO  36  VOLTS 
AVERAGE  TRAVEL  SPEED  =  14  INCH/MIN. 

75  KJ/INCH  HEAT  INPUT 


WELD. PROCESS-SAW  NG 

THICKNESS  3  1/4“ 


JOINT  DESIGN  © 
3/4“  ROOT  OPENING 


Figure  A-22;  Narrow  Gap  SubArc  Weld  Test  Assembly 
for  3-1/4  Inch  Thick  100  ksi  Yield  Strength  Steel  Plate 
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SOUTHWESTERN  laboratories 


REPORT  OF  TESTS  ON  METAL  SPECIMENS 


FILE  NO. 

4092300 

Beaumont 

TEXAS 

2/4/87 

TO» 

Bethlehem  Steel  Corporation 

REPORT  NO. 

93280-cr 

PROJECT 

Mechanical  Testing  of  Welding  Procedure 

ORDER  NO. 

6939-001 

MATERIAL 

A-710  Cl. 3  Modified  3-1/4"  TK 

IDENTIFICATION 

*<b 

SPEC.  REFERENCE 

ASME  Sec.  IX,  SWL  No.  9706-103-75  Rev.  1 

Specimen 

Size 

I  Sq. in. 

|  Area 

Yield.  p.s.L*  | 

Ultimate 
Strength,  Ids. 

Tensile  1 

Strength,  p,s.l.  | 

%  El. 

RA  | 

!  Location  of  Fracture 

REQUIRED 

T-l 

.733  x  .705 

.5167 

103,735 

60,500 

117,089 

Weld  Metal 

T-2 

.734  x  .659 

.4837 

106,676 

54,500 

112,671 

Weld  Metal 

T-3 

.510"  Dia. 

.2043 

76,113 

15,770 

77,190 

2.5% 

Side  Bend  #1  -  Unsatisfactory 
Side  Bend  #2  -  Unsatisfactory 
Side  Bend  #3  -  Satisfactory 
Side  Bend  #4  -  Satisfactory 


techniciani  John  Blair 


COPIES  TOl 


3- Jim  Hyatt 


SOUTHWESTERN  LABORATORIES 


Our  fatten  and  raporti  ara  for  the  exc fuilve  use  of  the  client  to  whom  they  are  addressed.  The  uit  of  our  name  must  ratal va  our  prior  written  approval.  Our  fattest 
and  report* apply  onty  to  the  sample  tatted  and/or  Inspected,  and  ara  not  necessarily  Indicative  of  the  qualities  of  apparently  Identical  or  simitar  products. 


Figure  A-23.  Tensile  and  Bend  Tests  for  Plate  III-8 


SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


Beaumont 


File  No.  4092300 
Texas. _ _  .2/4/87, 


IMPACT  TESTS  ON  STEEL 


To- 


Be  thlehem  Steel  Corporation 


6939-001 


.Date  of  Test. 


2/2/87 


r,  u.  iNo - 

\S«  rort-H  A-710, 

C13  Modified, 

3-1/4"  TK 

—  ASTM  A-370.  SWL  No.  9706-102-75 

Rev.  2 

T.0.  Ser.it  88440  Tp«  MArhrvh  "V" 

Notch  Simple  Beam  Charny 

ft.  oer  second 

264  ft. 

pounds 

Specimen  Type: 

"A" 

10mm  x 

1 0mm 

Snecimen  Tenm: 

Minus  60 °F 

Effective 

Specimen 

Width, 

Section  Size, 

Impact  Value 

Lateral  Exp. 

Identification 

In  Inches 

In  Inches 

Ft.  Pounds 

Mills 

%  Shs 

Weld  H 

.394 

.315 

69.0 

37.0 

50 

2 

.394 

.315 

33.0 

12.0 

30 

'  3 

.394 

.315 

52.0 

25.0 

30 

Fusion  Line  #1 

.394 

.315 

141.0 

64.0 

80 

Plus  1mm 

2 

.394 

.315 

150.0 

68.0 

80 

« 

3 

.394 

.315 

56.0 

25.0 

60 

Fusion  Line  #1 

.394 

.315 

142.0 

74.0 

90 

Plus  5mm 

2 

.394 

.315 

122.0 

60.-0 

90 

3 

.394 

.315 

150.0 

71.0 

90 

Copies: 


3- Jim  Hyatt 


Lab.  No. 


93318-cr 


Southwestern  Laboratories 

JP. 


Our  IttUn  and  reports  m  for  th«  cx ciuMvo  UN  of  th«  client  to  «hom  tiny  ar*  addxstsett.  The  um  of  our  name  muit  recelvs  our  prior  vtUUn  approval.  Our 
latter*  and  report*  apply  only  to  the  sample  tasted  and/or  Inspected,  and  ara  not  necessarily  Indicative  of  tba  qualities  of  apparently  identical  or  simitar  product*. 


Figure  A-24.  Impact  Tests  at  -60  Degrees  F  for  Plate  III-8 
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SOUTHWESTERN  LABORATORIES 


S&L 

Materials.  environmental  and  gtmeclmicat  engineering,  mmdestraethe.  metallurgical  and  analytical  amen 
H2a  Cavaicsse  £s  •  RG  Sox  B753.  H=us"r  Texas  7?24S  •  T'GSSSS’S"' 

Attention:  SwL  -  Beaumont  /  Mr.  John  Blair  Report  No:  94644 

Bethlehem  Steel  Corporation  File  No: 

Date :  J0/0;/8S 

SwL- Houston  Report  No:  $81631 


Project:  Photomacrograph  of  One  3-1/4“  S.A.W.  Narrow  Gap  Weldment 


PROJECT  INFORMATION 


Material: 
Identification : 
Date  Received: 
Specifications: 
Test  Equipment. 


One  -  3-1/4"  Thick  S.A.W.'Narrow  Gap  Weldment 
SwL  -  Houston  Report  No.  881631 

October  07,  1988  Technician:  Wesley  Bodcnhamer 

Per  Client  Date  of  Test:  October  07.  1988 

Standard  Laboratory  Procedure:  ASTM  £  3 


TEST  RESULTS 


Figure  1  Mag:  0.S9X  Etch:  2%  Nital 

PHASE  III  TEST  PLATE  #8 

Photomacrograph  of  a  Cross  Section  on  the  3-1/4"  Test  Plate 


SOUTHWESTERN  LABORATORIES 


tda  Reviewed/By 

Our  letters  and  reports  are  for  the  exclusive  use  cl  the  client »  whop/they  are  addressed.  The  M  af  ear  ranto  must  receive  our  prior  wntien  approval.  Our  Setters 
and  reports  apply  only  to  the  sample  tested  and/or  inspected,  and  are  not  recessanty  indicative  e?  me  qualities  c?  soparentiy  Kientical  or  similar  products. 


Figure  A-25.  Macro  Photo  of  Plate  III-8 


A-27 


PLATE  IV  -  I  FLAT  POSITION 
ATOM  ARC  -  7/32"  EI20I8  ELECTRODES 
240-250  AMPS,  22  TO  24  VOLTS.  5.8  lO  6.4VMIN. 
49.5  TO  62.07KJ/INCH  HEAT  INPU  I 


60° 


WELD  SMAW  PROCESS 

THICKNESS  3  1/4" 


JOINT  DESIGN  © 
1/8“  ROOT  OPENING 


Figure  A-26.  SMAW  Test  Assembly  for  3-L'/4-Inch  Thick 
100  ksi  Yield  Strength  Steel  Plate 


SOUTHWESTERN  LABORATORIES 


REPORT  OF  TESTS  ON  METAL  SPECIMENS 


_ Beaumont 

TOl  Bethlehem  Steel  Corporation 

project  Mechanical  Testing  of  Welding  Procedure 
material  A-710,  Grade  A ,  Class  3,  3-1/4"  thick 
identification  Process:  SMAW 

spec. reference  ASME  Sec.  IX,  SWL  No.  9706-103-75  Rev.  1 


file  no. 


4092300 


.TEXAS 


6/10/88 


REPORT  NO. 


94301-je 


ORDER  NO. 

Req.  No. 


S-8805-1012 

0230-0008 


Specimen 

Size 

Sq. In. 
Area 

Yield,  p.s.l.* 

Ultimate 
|  Strength,  lbs. 

Tensile 

Strength,  p.s.l. 

%  EL 

%  RA 

Location  of  Fracture 

REQUIRED 

IJ 

T-l 

.748  x  .973 

.7628 

108,018 

91,600 

120,078 

Parent 

Metal  . 

T-2 

.749  x  .944 

.7070 

108,902 

82,700 

116,963 

Parent 

Metal 

T-3 

.508"  dia. 

.2027 

129,255 

28,100 

138,628 

20% 

60% 

(All  weld) 

Side  Bend  #1  -  Satisfactory 

Side  Bend  if 2  -  Satisfactory 

Side  Bend  if 3  -  Unsatisfactory 

Side  Bend  #4  -  Satisfactory 


technician!  John  Blair 

copies  rot  2-John  West 


southwestern  laboratories 


Our  letters  and  reports  are  for  the  exclusive  use  of  the  client  to  whom  they  are  addressed.  The  use  of  our  name  must  receive  our  prior  written  approval.  Our  letters 
and  reportJ  apply  only  to  the  sample  tested  and/or  Inspected, and  are  not  necessarily  Indicative  of  the  qualities  of  apparently  Identical  or  similar  products. 


Figure  A-27.  Tensile  and  Bend  Tests  for  Plate  IV-1 
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Testing  Machine: — L..0.  Her.  ft.  .8  BMP - 

Linear  Velocity  of  Hammer: - 16.8  ft.  per.  se.c 

Effective  Energy: — — - 264  ft.,  pounds — 

Specimen  Size: - 10mm  x  10mm  - 


Effective 


•MVflv-wl-  "V"  Notch  Simple  Chari 


.Specimen  Type:_ 
.Specimen  Temp:. 


_ 

Minus  60°  F. 


Specimen 

Identification 

Width, 

In  Inches 

Section  Size, 

In  Inches 

Impact  Value 
Ft .  Pounds 

Lateral  Exp. 
Mills 

%  Shear 

Weld  //I 

.394 

.315 

28 

10 

30 

n 

.394 

.315 

27 

6 

20 

#3 

.394 

.315 

41 

16 

40 

Fusion  Line 

#1 

.394 

.315 

80 

41 

50 

plus  lmrn 

n 

.394 

.315 

137 

71 

80 

it  3 

..394 

.315 

136 

68 

80 

Fusion  Line 

#1 

.394 

.315 

124 

74 

90 

plus  5mm 

l?2 

.394 

.315 

18.5 

2 

20 

i?3 

.394 

.315 

130 

67 

90 

Copies:  John  West 


Southwestern  Laboratories 
Peb 

^  Tu^zr- / 


Lab.  No.  9425 6- je 


Our  latter*  tod  raporti  at*  for  tlv«  txcluaivo  uh  of  the  cjiont  to  whom  t boy  art  Addr«*»t.  Tho  um  of  our  mrat  mujt  rocolvo  our  prior  wrilUa  appcovaL 
Littan  end  raporti  Apply  only  to  Uvr  wunpl*  ttfltd  And/or  tnrpact*d.  And  at*  not  ntci  warily  IndlcxUv*  of  t*A  AUAliUa*  of  AppArmUy  IdmUtml  oe^ttmilar  product*. 


Figure  A-28.  Impact  Tests  for  Plate  IV-1 
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PLATE  IV  -  2  FLAT  POSITION 
L-TECH  *EM  4  -  5/32”  WIRE  W/  *0091  FLUX 
D.C.  LEAD  ARC  700  AMPS,  34  VOLTS 
A.C.  TRAIL  ARC  650  AMPS,  32  VOLTS 
AVERAGE  TRAVEL  SPEED  I3.5VM1N. 
I05.7KJ/INCH  LEAD  ARC  HEAT  INPUT 
92.5KJ/1NCH  TRAIL  ARC  HEAT  INPUT 


60° 


WELD  SAW  PROCESS 

THICKNESS  3  1/4" 


JOINT  DESIGN  (2) 
0"  ROOT  OPENING 


Figure  A-29.  Dual  Sub  Arc  Weld  Test  Assembly 
for  3-1/4-Inch  Thick  100  ksi  Yield  Strength  Steel  Plate 


SOUTHWESTERN  LABORATORIES 


REPORT  OF  TESTS  ON  METAL  SPECIMENS 


Beaumont 

to:  Bethlehem  Steel  Corporation 

project  Mechanical  Testing  of  Welding  Procedure 
material  A-710,  Grade  A,  Class  3,  3-1/4"  thick 
identification  Process:  SAW 

spec,  reference  ASME  Sec.  IX,  SWL  NO.  9706-103-75  Rev.  1 


file  no.  4092300 
_texas _ 6/16/88 


report  no.  94280-je 

order  no.  S-8805-1012 
Req.  No.  0230-0008 


Specimen 

Size 

Sq.  in. 
Area 

Yield,  p.s.1.* 

Ultimate 
Strength,  lbs. 

Tensile 

Strength,  p.sJ. 

*EL 

%  RA 

Location  of  Fracture 

REQUIRED 

ij 

T-l 

.755  x  .931 

.7029 

93,611 

77,700 

110,541 

Weld  Metal 

T-2 

.754  x  .976 

.7359 

105,176 

86,400 

117,406 

Weld  Metal 

T-3 

.501"  dia. 

.1971 

81,177 

21,280 

107,965 

24% 

65% 

(All  weld) 


Side  Bend  #1  - 
Side  Bend  #2  - 
Side  Bend  #3  - 
Side  Bend  #4  - 


Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory 


technician:  John  Blair 
copies  to:  2-John  West 


RFCEiVED 

££il.ivo  Oli'T. 


SOUTHWESTERN  LABORATORIES 


_ 

HT-~~£2-'r  JZ. 

Our  letters  and  reports  are  for  the  exclusive  use  of  the  client  to  whom  they  are  addressed.  The  use  of  dy/name  must  receive  our  prior  written  approval.  Our  tetters 
and  reports  apply  only  to  the  sample  tested  and/or  Inspected,  and  are  not  necessarily  Indicative  of  the  qualities  of  apparently  Identical  or  similar  products.  t 


Figure  A-30.  Tensile  and  Bend  Tests  for  Plate  IV-2 


A-32 


I 

241.0 

SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 

File  No.  4092300 

Beaumont _ _  Texas. _ 6/23/88 

IMPACT  TESTS  ON  STEEL 


■j-q _ Bethlehem  Steel  Corporation 


P.  O.  No.  S-8805-1012.  Reg.  No.  0230-008 _ .Date  of  Test - 6/_2_LZ_?g 


r.  w.  anp-  ~  ^ v T  v 

A-710  Grade  A,  Class  3, 

3-1/4"  thick 

_ u..u  Process : 

S.A. 

W. 

ASTM  A-370,  SWL  No. 

9706-102-75  Rev.  2 

'r—N _ T.O.  Spr.  %  8R440  Test  Method: _ "V"  Notch  . Simple  Charpy _ 

16.8 

f  c  ._p e r  second 

264  ft.  oounds 

-Specimen  Type:  " 

[All _ 

• 

Soec/men  Temo: 

Minus  60°  F. 

Effective 

Specimen  Width, 

Section  Size, 

Impact  Value 

Lateral  Exp. 

Identification  In  Inches 

In  Inches 

Ft.  Pounds 

Mills  % 

Shear 

Weld  #1  .394 

.314 

15.5 

2 

20 

02  .394 

.315 

16.0 

3 

20 

#3  .394 

.315 

25.0 

8 

20 

Fusion  Line  //I  .394 

.315 

26.5 

10 

20 

plus  limn  n  .393 

.315 

39.0 

17 

20 

03  .394 

.315 

19.5 

8 

20 

Fusion  Line  #1  .394 

.315 

158 

71 

70 

plus  5mm  ^  .394 

.315 

151 

65 

80 

03  .394 

.315 

164 

60 

80 

!  RECEIVED 

* 

;  JUN  24  TSG3 

■  f  *.  DEPT,  j 

Copies:  John  West 

Lab.  No.  99316-je 


Southwestern  Laboratories 


Our  Utter*  and  report*  are  for  Um  axeludvc*  un  of  th«  client  to  whom  they  are  addrward.  The  uae  of  our  name  muM  receive  our  prior  written  approval.  Our 
Utter*  and  report*  apply  only  to  the  earn  pie  tested  and/or  inspected,  end  are  not  necessarily  Indicative  of  the  qualities  of  apparently  Identical  or  dialler  product*. 


Figure  A-31.  Impact  Tests  for  Plate  IV-2  at  -60  Degrees  F 
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Figure  A— 32 s  Metal  Arc  Weld  Test  Assembly 
for  3-3/4-Inch  Thick  100  ksi  Yield  Strength  Steel  Plate 
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scLJTHwssTsnra  laboratories 


REPORT  OF  TESTS  ON  METAL  SPECIMENS 


_ Beaumont 

TO!  Bethlehem  Steel  Corporation 

project  Mechanical  Testing  of  Welding  Procedure 

$2{4‘ 

material,  A-710,  Grade  A,  Class  3,  f  thick 
identification  Process:  GMAW  Phase  4,  Plate  /  £- 
spec,  reference  ASTM  A-370,  sWl  No.  9706-103-75  Rev.  1 


Sq.  In. 

Ultimate 

Tensile 

Specimen 

Size 

Area 

Yield,  p.s.l.* 

Strength,  tbs. 

Strength.  P.S.I.  |  %  t(* 

%  R.A. 

Location  of  Fracture 

REQUIRED: 


T-l 

1.498  x 

1.027 

1.538 

117,001 

181,800 

118,171 

Weld  Metal 

T-2 

1.502  x 

.996 

1.495 

120,187 

185,800 

124,198 

Weld  Metal 

T-3 

.508" 

dia. 

.2027 

132,708 

28,100 

138,628  19% 

63% 

(All  weld) 


fiueno.  4092300 

.TEXAS 5/9/88 

report  no.  94221-je 

order  no.  S— 8805— 1012 
Req.  if  0230-0008 


Side  Bend  #1  - 
Side  Bend  n  - 
Side  Bend  #3  - 
Side  Bend  if 4  - 


Unsatisfactory 

Unsatisfactory 

Unsatisfactory 

Unsatisfactory 


RECEIVED 

MAY  1.2 

I  p'S1-  .FtR.ilG  DE.PT. 


technician!  John  Blair 
copies toi  2- John  West 


SOUTHWESTERN  LABORATORIES 


JZ.-T  3 

Our  letters  and  reports  are  for  the  exclusive  use  of  the  client  to  whom  they  are  addressed.  The  use  of  our  name  must  receive  our  prior  written  approval.  Our  letters 
and  reports  apply  only  to  the  sample  tested  and/or  Inspected,  and  are  not  necessarily  Indicative  of  the  qualities  of  apparently  Identical  or  similar  products. 


Figure  A-33.  Tensile  and  Bend  Tests  for  Plate  IV-3 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


File  No.  4092300 
Beaumont  Tcvi«  5/ Ll/83 

IMPACT  TESTS  ON  STEEL 


To _ Bethlehem  Steel  Corporation 


n  n  Mr.  S-8805- 

•1012,  Kea.#  0230-1 

0008 

.Dace  of  Test _ 5/9/88 _ 

A— 710  Gra.de  A  Class. .3* 

J**  thick 

Process:  GMAW 

Phase  4, 

Plate  #2 _ 

9706-102-75  Rev.  2 

r 

T.0.  Ser.  J_88M0 

Test  Method:  "V" 

Notch  Simole  Charov 

264  ft 

.  nounds 

Specimen  Type:  1 

'A” 

10mm  x  10mm 

Snecimen  Thud: 

Minus  60°  F. 

Effective 

Specimen 

Width, 

Section  Size,  Impact  Value 

Lateral  Exp. 

Identification 

In  Inches 

In  Inches 

Ft.  Pounds 

Mills  % 

Shear 

Weld  n 

.393 

.315 

53 

29 

70 

itZ 

.394 

.315 

60 

24 

60 

§ 3 

.394 

.315 

53 

25 

60 

Fusion 

Line  +  1mm  #1 

.393 

.315 

147 

76 

80 

n 

.394 

.315 

136 

71 

80 

n 

.393 

.315 

140 

72 

80 

Fusion 

Line  +  5mm  #1 

.394 

.315 

106 

52 

80 

#2 

.394 

.315 

112 

57 

80 

#3 

.394 

.315 

140 

73 

80 

Coptasi  2-John  West 


Lab.  No.  94232-j}.e 


received 

may  1 2  1988 

0EPT. 


Southwestern  Laboratories 


Put 


Our  WtUtt  and  report*  ut  for  (ha  axelunvc  uaa  of'  (ha  client  to  whom  they  arc  addratsra.  The  uaa  of  our  name  mux  racclva  our  prior  written  approval.  Our 
latter*  *M/4  report*  apply  only  to  tha  autipte  teited  tnd/or  Inspected,  and  are  not  ntcwm arllr  Indicative  of  tha  <u*JUfe«  of  apparently  Identical  ar  oUmOtr  pmducta 


Figure  A-34.  Impact  Tests  for  Plate  IV- 3  at  -60  Degrees  F 
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Figure  A-35 .  INTENTIONALLY  LEFT  BLANK 
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SOUTHWESTERN  LABORATORIES 


Swi 

Materials.  environmental  and  geotechnical  engineering,  nondestructive ,  metallurgical  and  analytical  u  nices 

Bex  8758  Hcua^cn  77 2^10  •  t’t3,,oS£'S3'J£5'3 

Attention:  r*  'm  *  +  Z  ~  1  Report  No:  94561 

Bethlehem  Steel  File  No:  4092300 

...  Date:  09/12/88 

-tr'  >  "  P.O.  No: 

r.  .  -■  r  Houston  Report  No.:  8  81442 

Project:  Photographs  of  One  3  1/4"  Weldment 


Material: 

Identification: 
Date  Received: 
Specifications: 
Test  Equipment: 


PROJECT  INFORMATION 

3 

One  -  Section  of  an  A  710  Class  3  Grade  A  Modified  3  T/4*  Thick 

GM.A.W.  Process  Test  Plate  8  3/8"  Wide  x  3/2"  Long 

SwL  Houston  Met  Lab  No.  881442 

September  07,  1988  Technician:  Stan  Daigle 

Per  Client  Date  of  Test:  September  09,  1988 

Metallographic  Procedure:  ASTM  E  3 


TEST  RESULTS 


Figure  l  Mag:  0.9X  Etch:  2%  N'ital 

Photomacrograph  of  a  cross  section  of  the 
weldment. 


PHASE  I V  TEST  PLATE  *3 

Cur  iettars  and  reports  are  fortne  exclusive  use  of  sfie  draw  rownemtftey  are  addressed.  The  use  ot  our  name  roust  widen  approval  Ocr  tetters 

and  reports  apply  cnly  to  the  sarapie  tested  and'or  inspected,  ano  are  nor  necessarily  indicative  ol  the  qeahiies  oi  appa/emiy  identca!  or  sirr-aar  s-cducts. 


Figure  A-36.  Macro  Photo  of  Plate  IV-3 


A-38 


Report  No.  94561 


SOUTHWESTERN  LABORATORIES 

Page  2  of  2 
BETHLEHEM  STEEL 


Figure  No.  2  Mag:  500X  Etch:  2%  Nitai 

PHASE  IV  TEST  PLATE  #3  . 

Photomicrograph  of  the  weld  metal  consisting  of 
Widmanstatten  ferrite  platelets  and  a  small  percentage 
of  pcarlite;  typical  of  low  carbon  steel  weld  metal. 

Photomicrograph  was  taken  at  approximately  1* 
from  the  surface  of  the  plate. 

SOUTHWESTERN  LABORATORIES 


ckl 


Reviewed 


Figure  A-37.  Microstructure  of  Plate  IV-3 
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PLATE  IV  -  4  FLAT  POSITION 
L-TECH  #EM  4  -  5/32“  WIRE  W/  *0091  FLUX 
D.C.  LEAD  ARC  700  AMPS,  34  VOLTS 
A.C.  TRAIL  ARC  650  AMPS.  32  VOLTS 
AVERAGE  TRAVEL  SPEED  =  13.5VMIN. 

I05.7KJ/INCH  LEAD  ARC.  92.5KJ/INCH  TRAIL  ARC  HEAT  INPUT 


60° 


WELD  SAW  PROCESS 

THICKNESS  3  3/4" 


JOINT  DESIGN  @ 
0”  ROOT  OPENING 


Figure  A-38.  Dual  Sub  Arc  Weld  of  3-3/4-Jnch  Thick 
100  ksi  Yield  Strength  Steel  Plate 


QUIRED: 


-1 

.745  x  .957 

.7129 

101,688 

77,600 

108,841 

Weld  Metal 

-2 

.741  x  .982 

.7276 

109,941 

82,200 

112,964 

Weld  Metal 

-3 

.507"  dia. 

.2019 

90,391 

21,830 

108,122 

25% 

58% 

1  weld) 

fide  Bend  #1  -  Satisfactory 
iide  Bend  92  -  Satisfactory 
lide  Bend  #3  -  Satisfactory 
Iide  Bend  #4  -  Satisfactory 


:mniciani  John  Blair 

piestoi  2-Bethlehem  Steel 


SOUTHWESTERN  LABORATORIES 


t  reports  apply  only  to  the  sample  tested  and/of  Inspected,  and  are  not  necessarily  indicative  of  the  qualities  of  apparently  Identical  or  similar  products. 


Figure  A-39.  Tensile  and  Bend  Tests  for  Plate  IV-4 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


File  No.  4092300 
Beaumont:  Texas. _ 5/23/88 


IMPACT  TESTS  ON  STEEL 


_ Bethlehem  Steel  Corporation _ 

P.  O.  No.. _ _ _ _ _ Date  of  Test 

_ A-710,  Grade  A,  Class  3.  3-3/4”  thick _ 


5/20/88 


Identification  Mark* _ Process:  SAW 


e _ ASTM  A-370,  SWL  No, 

.  9706-102-75  Rev.  2 

T.O.  Spt.  #  RR44f)  .  Test  Method:  "V" 

Notch  Simple  Beam  Chamv 

ft.  ner  second 

264 

ft.  nounds 

Specimen  Type:  ‘ 

1A1! _ 

illiCLUYU  - - 

10mm  x  10mm 

Snecimen  Temrr 

Minus  60°  F. 

Effective 

Specimen 

Width, 

Section  Size, 

Impact  Value 

Lateral  Exp. 

Identification 

In  Inches 

In  Inches 

Ft.  Pounds 

Mills 

%  Shear 

Weld  H 

.394 

.315 

19.5’ 

5 

20 

n 

.394 

.315 

24.0 

8 

20 

J?3 

.394 

.315 

16.0 

4 

20 

Fusion  Line 

plus  1mm  #1 

.394 

.315 

145 

65 

80 

n 

*.394 

.315 

172 

69 

80 

n 

.394 

.315 

157 

75 

80 

Fusion  Line 

plus  5mm  #1 

.394  - 

.315 

107 

55 

•  90 

'  n 

.394 

.315 

106 

53  . 

90  • 

n 

.394 

.315 

108 

54 

90 

Copies:  2-Bethlehem  Steel 


Lab.  No.  94242- je 


Our  UlUrt  and  ptporta  in  tor  Ova  aaeliuJvc  u»*  of  the  client  to  «hem  they  are  »ddr****d.  The  ua*  of  our  name  mutt  receive  our  prior  *rri<l*r\  apprtnraL  Our 
Utter*  and  report*  apply  only  to  the  **mpl*  tatted  and/or  tnrprcted,  and  are  not  n«ce**arily  Indicative  of  the  qualltla*  of  apparently  Identical  or  »tf»llar  pcodocta. 


Figure  A-40.  Impact  Tests  for  Plate  IV-4  at  -60  Degrees  F 


PLATE  IV-5  FLAT  POSITION 
L-TECH*EM4-l/8 '  WIRE  W/  *0091  FLUX 
D.C.  SINGLE  ARC  ELECTRODE  POSITIVE  (DCRP) 


•LAST  PASS 
THIS  TEST  PLATE 

,  'll  "=AP 


PASSES  »  12-60 
88.8  KJ/iNCH  HEAT  INPUT 


•  PASSES  *12-60 
500  AMPS-32  VOLTS 
IO.BVMIN  TRAVEL  SPEED 


PASSES  *  7-11 
102.1  KJ/INCH  HEAT  INPUT 


PASSES  #  1-6 
115.8  KJ/INCH  HEAT  INPUT 


•PASSES  ♦7-11 

500  AMPS— 32  V0LTS-9.4VMIN 
-PASSES  «l-6 

550  AMPS-33  V0LTS-9.4VMIN 


2-r.o. 


WELD  SAW  PROCESS 

NARROW  GAP 
THICKNESS  4  1/4" 


JOINT  DESIGN  © 
R.O.  AS  SHOWN 


Figure  A-41.  Narrow  Gap  Sub  Arc  Weld  Test  Assembly  for 
4-1 /4-Inch  Thick  100  ksi  Yield  Strength  Steel  Plate 


SOUTHWESTERN  LABORATORIES 


REPORT  OF  TESTS  ON  METAL  SPECIMENS 


Beaumont 

toi  Bethlehem  Steel  Corporation 

project  Mechanical  Testing  of  Welding  Procedure 
material  A-710,  Class  3,  Grade  A  Modified,  4-1/4"  thick 
identification  SAW  Narrow  Gap 

SPEC,  reference  ASME  Sec .  IX,  SWL  No.  9706-103-75  Rev.  1 


FILE  NO. 

TEXAS 

REPORT  NO. 

ORDER  NO. 


4092300 
9/1/S8 
94544-j e 


Specimen 

Size 

Sq. In. 
Area 

Yield,  p.s.l.* 

Ultimate 
Strength,  lbs. 

Tensile 

Strength,  p.s.l. 

%  El. 

%  RA 

Location  of  Fracture 

REQUIRED: 

T— 1 

.754  x  .978 

.7374 

99,537 

83,700 

113,505 

Weld 

Metal 

T-2 

.751  x  1.025 

.7697 

103,926 

87,900 

114,189 

Weld 

Metal 

T-3 

.502"  dia. 

.1979 

102,324 

21,970 

111,015 

25.5% 

64% 

(All  weld) 


Side  Bend  Ifl  -  Unsatisfactory 
Side  Bend  If 2  —  Satisfactory 
Side  Bend  It3  -  Satisfactory 
Side  Bend  #4  -  Satisfactory 


technician!  John  Blair 
copies  toi  John  West 


SOUTHWESTERN  LABORATORIES 


?> 


-  72.7- ^ 


Our  letters  and  reports  are  (or  th*  exclusive  us*  of  the  client  to  whom  they  are  addressed.  The  use  of  our  nwfie  must  receive  our  prior  written  approval.  Our  letters 
and  reports  apply  only  to  the  sample  tested  and/or  inspected,  and  are  not  necessarily  indicative  of  the  qualities  of  apparently  Identical  or  similar  products.* 


Figure  A-42.  Tensile  and  Bend  Tests  for  Plate  IV-5 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


Beaumont 


IMPACT  TESTS  ON  STEEL 


File  No. 
TEXA3_ 


4092300 

9/7/88 


To_ 


Bethlehem  Steel  Corporation 


P.O.No_ 

MateriaL- 


A-710,  Class  3,  Grade  A,  4-1/4”  thick 


_.Date  of  Test _ 9H133 


SAW  Narrow  Gap 


Identification  M*rk&_ 

ASIM  A-370,  SW1  No,  9706-102-75  Rev.  2 


tin  rr  "X/a/^iHO* 

r.n.  Rat.  *  RftAAD  Test  Method:  "V" 

Notch  Simple  Cham 

■ 

T  ineir  Volnrifrr  /\f  W^nUrt^f*  16.8 

ft.  oer  second 

m _ : _ r - -  264 

ft.  nounds 

-Specimen  Type: _ 1 

[All _ 

- 

Specimen  Size: - 

10mm  x  10mm 

-Specimen  Temp: — 

Minus  60°  F. 

Effective 

Specimen 

Width, 

Section  Size, 

Impact  Value 

Lateral  Exp. 

Identification 

In  Inches 

In' Inches 

Ft.  Pounds 

Mills  % 

Shear 

Weld  #1 

.394 

.315 

10.5 

7 

20 

n 

.394 

.315 

14.0 

11 

20 

63 

.393 

.315 

13.0 

7 

20 

Fusion  Line 

+lmm  ^ 

.394 

.315 

202.0 

87 

90 

n 

.394 

.315 

190.0 

86 

90 

$ 3 

.394 

.315 

201.0 

92 

90 

Fusion  Line 

. 

+  5mm 

n 

.394 

.315 

140.0 

82 

90 

#2 

.394 

.315 

182.0 

90  • 

90 

63 

.394 

.315 

i  An  rt 
1HJ.U 

76 

nn 

Copies:  John  West 


Lab.  No.  94576-je 


Southwestern  Laboratories 
p» 

[j  ~pMAs.fr  12 


Our  IttUrt  ud  rtpcru  m  for  iht  caelutfva  uj*  at  tb<  client  s©  whorn  they  an  addraaaerf.  TSe  um  ot  our  naroa  mu*  roetlvo  our  prior  written  approval.  Ojc 
WtUti  ra  porta  op  ply  only  to  Uv*  auopl*  tested  and/or  butpcctad.  and  mro  not  ncewtiUy  Indicative  o t  tbo  oualttieo  ot  apporonttr  identical  or  ottnOar  product*. 


Figure  A-43.  Impact  Tests  for  Plate  IV-5  at  -60  Degrees  F 
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Materials,  environmental  and  geotechnical  engineering,  nondestructive,  metallurgical  and  analytical  services 
222  Cjvoicooe  Sc  •  »C  Sox  S75S.  Houston  Texas  77Z*s&  •  7'3  8£2-315‘ 


Attention: 
Bethlehem  Steel 


Report  No:  94544 
File  No: 

Date:  09/07/83 

P.O.  No: 

Houston  Report  No.:  88139S 


Project:  Photographs  of  One  4  1/4"  S.A.W.  Narrow  Gap  Weldment 


PROJECT  INFORMATION 


Material: 
Identification: 
Date  Received: 
Specifications: 
Test  Equipment: 


One  -  12"  x  6"  x  4  1/4’  Thick  S.A.W.  Narrow  Gap  Weldment 
SwL  Houston  Met  Lab  No.  881398 

August  30,  1988  Technician:  Stan  Daigle 

Per  Client  Date  of  Test:  September  06,  1988 

Metallographic  Procedure:  ASTM  E  3 


TEST  RESULTS 


Figure  1  Mag:  0.66  Etch:  2%  Nital 

PHASE  IV  TEST  PLATE  £5 

Photomicrograph  of  a  cross  section  of  the 
S.A.W.  narrow  gap  weldment. 


Our  tenuis  and  reports  are  (or  mo  exclusive  use  of  the  client  to  whore  may  are  accessed  Tfe>  use  of  cut  name  must  receive  cur  poor  wotten  approval.  Cor  tatters 
and  reports  apply  onty  to  the  samp'o  tested  and'or  inspected,  and  ara  not  necessar-ly  indicative  of  the  dualities  cl  aeparentiy  identical  or  siowa;  products. 


Figure  A-45.  Macro  Photo  of  4-1/4-Inch  Narrow  Gap  Sub  Arc  Weld 
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Materials,  environmental  anti  geotechnical  engineering*  nondestructive,  metallurgical  ami  analytical  services 
222  Cavaicaae  Sc.  •  PC.  Box  S7SS.  Hcustcri,  Texas  7^245  •  713-332-5151 

Attention;  Report  No;  94544ADD 

Bethlehem  Steei  File  Nor 

Date:  09/07/88 

P.O.  No: 

Houston  Report  No.:  881398 
ADDITION  to  report  completed  09/07/ 8  S 
Project:  Photographs  of  One  4  1/4*  S.A.W'.  Narrow  Gap  Weldment 


PROJECT  INFORMATION 


Material : 
Identification: 
Date  Received: 
Specifications: 
Test  Equipment: 


One  -  12"  x  6*  x  4  1/4*  Thick  S.A.W.  Narrow  Gap  Weldment 

SwL  Houston  Met  Lab  No.  881398 

August  30,  1988  Technician :  Stan  Daigle 

Per  Client  Date  of  Test:  September  1406,  1988 

Mctallographic  Procedure:  ASTM  E  3 


Figure  31  Mag:  320X  Etch:  2%  Nital 

PHASE  IV  TEST  PLATE  #5 
Microstructure  at  the  fusion  line  with  the 
photo  primarily  showing  the  HAZ  which  consisted  of 
fine  grained  martensite. 

SOUTHWESTERN  LABORATORIES 


Our  letters  and  reports  are  lor  the  exclusive  use  of  the  client  to  wheal  they  ere  addressed.  The  use  ol  our  name  must  receive  our  prior  wnlten  approval.  Cur  fetters 
and  reports  apply  oniy  to  the  sample  tested  anaror  inspected,  and  are  not  necessarily  indicative  ot  the  cualdies  of  apparently  comical  or  similar  products. 


Figure  A-46.  Microstructure  of  Plate  IV-5  HAZ 
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SOUTHWESTERN  LABORATORIES 
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Figure  No.  2  Mag:  500X  Etch:  2%  Nital 

PHASE  IV  TEST  PLATE  15 
'  Photomicrograph  of  the  weld  metal  consisting  of 
fine  grained  ferrite  and  pcariite.  Micro  was 
taken  at  approximately  1*  below  the  surface 
of  the  plate. 

SOUTHWESTERN  LABORATORIES 
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Figure  A-47.  Micro  structure  of  4-1/4-Tnch  Thick 
Narrow  Gap  Sub  Arc  Weldmetal  -  Plate  IV-5 
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Materials,  environmental  and  geotechnical  engineering,  nondestructive ,  metallurgical  and  analytical  services 
332  Cavalcade  Sc  •  PQ  Box  9763.  Houston.  Texas  77H4S  •  713.-532.gi5i 

A  l  tent  ion:  Report  No:  94625 

Bethlehem  Steel  File  t Vo.-  2285846 

Accti:  John  West  Date :  09/27/88 

P.O.  No:  0230-0008 
Houston  Report  No.:  22732 


Project:  Chemical  Analysis  of  Steel  Alloy 


PROJECT  INFORMATION 


Material: 
Identification: 
Date  Received: 
Sped fications: 
Test  Equipment: 


One  -  4  1/4“  Thick  Welded  Plate  ,  Marrow 
As  Per  21-09-94625 

September  23,  1988  Technician: 

N/A  Date  of  Test: 

Siemens  SRS-200  XRF  Procedure: 

Leco  IR-I2  Carbon 


Gap 

Bob  Yount  and  Del  Armstrong 
Sept.  23  to  Sept.  27,  1988 
A  STM  E  322,  ASTM  E  1019 


CHEMICAL  COMPOSITION  (WT.  %) 

Specimen 


Identification 

C 

Mn- 

Si 

Ni 

Cr 

Mo 

Cu 

21-09-94625 

0.073 

1.01 

0.59 

2.16 

0.27 

0.47 

0.18 

PHASE  IV  TEST  PLATE  #5 

SOUTHWESTERN  LABORATORIES 


Our  letters  and  reports  are  for  the  exclusive  use  of  the  client  lo  whom  they  are  addressed.  The  use  ol  our  name  mu$!  receive  our  prfor  written  approval.  Our  letters 
and  reports  apply  only  to  the  sample  tested  and/or  inspected,  and  are  not  necessarily  indicative  of  the  qualities  ol  apparently  identical  or  similar  products. 


Figure  A-48.  Chemical  Analysis  of  Plate  IV-5 
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PLATE  IV  -  6  FLAT  POSITION 
L-TECH  *EM  4  -  5/32"  WIRE  W/  #0091  FLUX 
D.C.  LEAD  ARC  TOO  AMPS,  35  VOLTS 
A.C.  TRAIL  ARC  650  AMPS,  33  VOLTS 
AVERAGE  TRAVEL  SPEED  =  I3.5VMIN. 

I08.8KJ/INCH  LEAD  ARC,  95.3KJ/INCH  TRAIL  ARC  HEAT  INPUT 


■FIRST  SIDE 
VLAST  PASS  , 


FIRST  SIDE 


PASSES 
3-16 
LEAD  & 
TRAIL  j 
\  ARCS  / 


■2  GMAW  PASSES  AT 
60.2KJ/INCH  HEAT 
INPUT 


BACK  GOUGE  &  GRIND 
PASSES  17-21  (GMAW) 


SECOND  SIDE 


/PASSESX 
/  22-35  \ 
/  LEAD  &  \ 
'TRAIL  ARCS 


•LAST  PASS 
SECOND  SIDE 


WELD  SAW  PROCESS 

THICKNESS  4  I/41 


JOINT  DESIGN  ( 


0"  ROOT  OPENING 


Figure  A-49.  Sub  Arc  Weld  Test  Assembly  for  4-1/4-Inch  Thick 
100  ksi  Yield  Strength  Steel  -  Plate  IV-6 
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SOUTHWESTERN  LABORATORIES 


REPORT  OF  TESTS  ON  METAL  SPECLMENS 


Beaumont 


file  no.  4092300 

_texas _ 6/9/88 


TO;  Bethlehem  Steel  Corporation 

project  Mechanical  Testing  of  Welding  Procedure 
material  A-710  Grade  A,  Class  3,  4-1/4"  thick 
identification  Process:  SAW 

spec,  reference  ASME  Sec.  XX,  SWL  No.  9706-103-75  Rev.  1 


report  no.  94300~je 

order  no.  S-8805-1012 
Req.  No.  0230-0008 


Specimen 

Size 

Sq.  in. 
Area 

Yield,  P.S.L* 

Ultimata 
Strength,  lbs. 

Tensile 

Strength,  P.s.i. 

%  El. 

%  R.A.  | 

Location  of  Fracture 

REQUIRED 

T-l 

.747 

x  .  962 

.7186 

104,089 

82,100 

114,247 

Weld  Metal 

T-2 

.755 

x  .934 

.7051 

92,459 

79,200 

112,313 

Weld  Metal 

T-3 

.506"  dia. 

.2011 

87,518 

21,730 

108,055 

23.5% 

65.5% 

11  weld) 

Side  Bend  &l  -  Satisfactory 
Side  Bend  if 2  -  Satisfactory 

Side  Bend  #3  -  Satisfactory 
Side  Bend  If 4  -  Satisfactory 


RECEIVED 

JUN  24  15Sa 

•  f  :■  3  oept. 


TECHNICIAN! 

SOPIESTOi 


John  Blair 
2-John  West 


SOUTHWESTERN  LABORATORIES 


Dur  Utters  and  reports  are  for  tne  exclusive  use  of  the  dlant  to  whom  they  ere  addressed.  Tht-tlse  of  our  name  must  receive  our  prior  written  approval.  Our  letters 
ind  reports  apply  ortfy  to  the  sample  tested  -and/or  Inspected,  and  are  not  cecesurlty  Indicative  of  the  qualities  of  apparently  Identical  or  similar  products. 


figure  iensixe  ana  isena  rests  ror  if late  iv-6 


A— 52 


SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


To_ 


Beaumont 


File  No.  4092300 
Texas,  6/23/88 


IMPACT  TESTS  ON  STEEL 


Bethlehem  Steel  Corporation 


P. O.  Mn  S-8805-1012.  Reg-  No.  0230-0008 


..Date  of  Test. 


6/10/38 


Process:  SAW 

9706-102-75  Rev 

.  2 

r 

T.O^  Ser._  #_83AAQ _ Test  Method:  "7" 

Notch  Simole  Charnv 

TtriMp  Vr^Irvtfv  Hflmmpr  ...  16.8 

ft,  ner  second 

264  : 

ft.  nounds 

.Specimen  Type:  " 

'A" 

1  Omm  nt  I  Omm 

-Sneeimen  Temo: 

Minus  60°  F. 

i  * 

Effective 

Specimen 

Width, 

Section  Size, 

Impact  Value 

Lateral  Exp. 

Identification 

In  Inches 

In  Inches 

Ft.  Pounds 

Mills  X 

Shear 

Weld  n 

.394 

.315 

9.0 

0 

10 

n 

.394 

.315 

11.0 

2 

10 

i?3 

.394 

.315 

13.5 

3 

20 

Fusion  Line  #1 

.394 

.315 

15.5 

10 

20 

plus  Iran  ^2 

.394 

.315 

163.0 

67 

90 

#3 

.394 

.315 

37.0 

20 

30 

Fusion  Line  #1 

.394 

.315 

106.0 

57 

80 

plus  5mm  ^2 

.394 

.315 

19.0 

6 

20 

#  3 

,.394 

.315 

14.5 

12 

20 

ECtiVED 


j  JUN  24  1353 

'  E'  ■/  il . -1  ‘ 


Copies:  John  West 


Lab.  No. 


94273-je 


Southwestern  Laboratories 
.. (/ ^.  /  /?  ^ s  jLS 

r*n  ' — 


Our  Irlirr*  *nd  rtpcrti  for  Uj#  «cJu*3vc  of  u»«  cllrnt  to  whom  thay  art  Addi****#*.  The  u3c  of  our  ram*  mim  r*c*tv*  our  prior  written  approval.  Our 
ktUn  and  raporta  apply  only  to  thr  aamplt  t«**d  and/ot  lnxp*cir<j.  and  ax*  not  in .« polity  Indlcmtiv*  of  tb«  cuaUUr*  of  apparently  identical  or  rimiJar  product*. 


Figure  A-51.  Impact  Tests  for  Plate  IV-6  at  -60  Degrees  F 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


File  No.  4092300 

_ Bf-anmnnC  Tpta.  8/19/8&. 

IMPACT  TESTS  ON  STEEL 


To _ RAfhlphpm  FH-opI  rnr.pn.rjLt-.lmi - - - - 

P.  o.  Mr.  S-88Q5-I0I2 _ _ _ Date  of  Test - 8/16/.8& 

Material _ A-710  Class  3.  Grade  A  Modified.  AsUA!!_tJlick - 

Identification  Marki - SAW - - - 

Specifications.  artm  a-370.  SWT.  Nn — 9706-1 0 7—7 5-Tte.v — 2 - 


Testing  Machine: _ T.Q.  Ser.. .#—884.411 


_Test  Mpftiod-  ”V"  Notch  Simple_Charji^_ 


Linear  Velocity  of  Hammer:. 
Effective  Energy: 

Specimen  Size:— 


16.8  ft.  ter  second 


10mm  x  lOmm 


264  ft.  -pounds 


.Specimen  Type: — _A 


Specimen  Temp: - Minus  40 — 5T_ 


Specimen 

Identification 

Width, 

In  Inches 

Effective 
Section  Size, 

In  Inches 

Impact  Value 
Ft.  Pounds 

Lateral  Exp. 
Mills 

%  Shear 

Weld  III 

m  • 

.394 

.315 

23.0 

18 

30 

n. 

.394 

.315 

16.0 

10 

20 

it  3 

.394 

.315 

23.0 

18 

30 

RECEIVED 

iWG  24  i5R?- 


Reference:  94273 


FD  j-j£PT. 


Copies:  John  West 


Southwestern  Laboratories 


Lab.  No.  99495-je 


U'TbxijjrJZ'-TZ-r  £ 


Our  ktun  and  reports  at*  tor  tb*  axcJujive  uh  of  the  client  la  whom.fhcy  ax*  addr««sctt.  Th*  u*c  of  our  mra  rauat  raoalv*  our  prfcr  wrlUan  approval.  Oir 
tetUt*  and  rapert*  apply  only  la  in*  •ample  uaud  and/or  lnap*cttd.  and  ar*  noc  aeowrtly  Indicator*  of  lb*  qualJti**  of  ap^armtly  Identical  or  itndlar  product*. 


Figure  A-52.  Impact  Tests  for  Plate  IV-6  at  -40  Degrees  F 


PHASE  IV 


PHOTOMACROGRAFH  OF  PHASE  TV 
TEST  PLATE  NO.  6 


Figure  A-53.  Macro  Photo  of  Plate  IV-6 
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SOUTHWESTERN  LABORATORIES 

BEIHISiEM  STEEL  OCREOEATICi} 


Figure  No.  5  2%  Nital 

Miaxstzucture  at  500X  in  the  weld  aetal  cn  Sasple  No.  3. 


PHASE  IV  TEST  PLATE  £6 


Figure  A-54.  Microstructure  of  Plate  IV-6  in  Weld  Metal 


SOUTHWESTERN  LABORATORIES 

BSIHUEHEM  STEEL  CCRFCKaTXON 


Figure  No.  6  2%  Nital 

Miaxstructure  at  320X  near  the  fusion  zone  with  the 
photo  showing  primarily  KAZ  cn  Sanple  No.  3. 


PHASE  IV  TEST  PLATE  36 


Figure  A-55.  Micro structure  of  Plate  IV-6  Near  Heat  Affected  Zone 
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Materials,  environmental  and  geotechnical  engineering,  nondestructive,  metallurgical  and  analytical  services 
229  Ga  \/o  I  cane  Sc  •  PO  3ox  S76S.  Houston.  Texas  "772^*9  •  '7'*  3-  592-91  51 


Report  No. :  94573 

File  No.: 

cate:  09/06/88 

Houston  Report  No. :  881411 


Bethlehem  Steel  Corporation 


Project:  Photographs  on  Three  ASTM  A  710,  Grade  3  Weld  Plates 


Three  -  ASM  A  710,  Grade  3  weld  plates  labeled  Number  1,  2  and  3. 


BACKERCOND 

This  laboratory  received  the  above  mentioned  weld  plates  on  September  01, 
1988,  along  with  a  request  to  take  photographs  at  500X  magnification  in  the 
weld  metal  and  at  the  fusion  zone,  approximately  one  inch  below  the  weld 
cap. 


TEST  RESCUES 

The  microstructure  of  the  three  sairples  at  corresponding  locations  was 
essentially  similar.  The  unaffected  base  metal  consisted  of  a  martensitic 
matrix  with  fine  spheroidal  precipitates.  The  heat  affected  zones  also 
exhibited  a  martensitic  matrix,  but  with  a  slightly  greater  degree  of  the 
precipitated  phase.  Samples  #2  and  #3  exhibited  a  greater  degree  of 
precipitation  particularly  at  the  grain  boundaries,  as  illustrated  in 
Figures  No.  4  and  No.  6  respectively.  The  fusion  zone  in  all  samples 
consisted  of  fine,  dendritic  ferrite  with  intermittent  precipitates. 


YP:ckl 


HOUSTON  •  DALLAS  •  AUSTIN  •  BEAUMONT  •  CONROE  •  GALVESTON  COUNTY  •  RIO  GRANDE  VALLEY  •  ALEXANDRIA 
SAN  ANTONIO  •  FORT  WORTH  •  LEESVILLE  •  MIDLAND  •  MONROE  •  SHREVEPORT  •  TEXARKANA  •  SHERMAN 

Figure  A-56*  Metallurgy  Laboratory  Characterization  of 

T"l  ^  .  •_  .  TTT  V  TTT  r\  _ T  TtT  <  A 

riate  j.v-o,  iv-o  ana  iv-iu 
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PLATE  IV-7  FLAT  POSITION 

L-TECH#  EM  4  5/32"  WIRE  W/  *009!  FLUX 

D.C.  SINGLE  ARC  -  ELECTRODE  POSITIVE  (DCRP) 


■LAST  PASS 
THIS  TEST  PLATE 

1^  "GAP 


PASSES  *  14-94 
83.1  KJ/INCH  HEAT  INPUT 


-PASSES  <14-94 
550  AMPS-34  VOLTS 
I3.5VMIN 


PASSES  *  7-13 
98.2  KJ/INCH  HEAT  INPUT 


PASSES  *  1-6 
92.1  KJ/INCH  HEAT  INPUT 


•PASSES  #7-13 

650  AMPS-34  VCLTS-I3.5VMIN 
-PASSES  #1-6 

750  AMPS-34  V0LTS-16.6VMIN 


|'R.O. 


WELD  SAW  PROCESS 

NARROW  GAP 
TH I CKNESS  4  3/4“ 


JOINT  DESIGN  Q) 
R.O.  AS  SHOWN 


Figure  A-57.  Narrrow  Gap  Sub  Arc  Test  Assembly  for 
4-3/4-Inch  Thick  100  ksi  Yield  Strength  Steel  Plate 
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SOUTHWESTERN  LABORATORIES 


REPORT  OF  TESTS  ON  METAL  SPECIMENS 


file  no.  4092300 

_ Beaumont _ texas _ 8/26/88 

TO:  Bethlehem  Steel  Corporation  report  no.  94540- je 

project  Mechanical  Testing  of  Weld  Procedure  order  no.  S-8805-10I2 

Req.  No.-  0230-0008 

material  A-7I0  Class  3,  Grade  A,  4-3/4"  thick 
identification  S.A.W.  Narrow  Gap 

spec,  reference  ASME  Sec.  IX,  SWL  No.  9706-103-75  Rev.  1 


Specimen 

Slzt 

Sq. In. 
Area  1 

Yield,  p .$.(.* 

Ultimate 
Strength,  lbs. 

Tensile 

Strength,  p.sJ. 

%  El. 

%  R-A.  | 

Location  of  Fracture 

REQUIRED: 

T— 1 

752  x 

1.010 

.7595 

103,357 

90,800 

119,549 

Weld  Metal 

T-2 

747  x 

1.009 

.7537 

108,793 

88,700 

117,682 

Parent  Metal 

T-3 

.507" 

dia.  - 

.2019 

105,250 

22,810 

112,976 

23% 

64% 

(All  weld) 


Side  Bend  #1  - 
Side  Bend  §2  - 
Side  Bend  #3  - 
Side  Bend  #4  - 


Unsatisfactory 

Satisfactory 

Satisfactory 

Satisfactory 


technician:  John  Blair 

copies  to:  2-John  West 


SOUTHWESTERN  LABORATORIES 


-Z5T  -  T'L-r  7. 

Our  lattan  and  reports  are  for  th,  (xclustv,  us*  of  Its*  cll*nt  to  whom  tn*y  *,*  addrattad.  Th*  usa  of  our  n»m*  mult  r«c*lv*  our  prior  wrltt«n  approval.  Our  l*tt*r* 
and  raportt  apply  only  to  th*  sampl*  taslad  and/or  Inipactad,  and  ar*  not  nacauarlly  Indlcatlv*  of  th*  gualltlu  of  appanntly  Idantlcal  or  ilmllar  products. 


Figure  A-58.  Tensile  and  Bend  Tests  for  Plate  IV-7 


A-fin 


SOUTHWESTERN  LABORATORIES 


S&L 

Materials,  environmental  and  geotechnical  engineering,  nondestructive,  metallurgical  and  analytical  lerucei 
3SS  CavascacSa  3s  •  PC  Sax  S7ES.  Hsusran.  Ti»as  •  71 3  BBS  S’ 5’ 

Attention:  Report  No:  94583 

Bethlehem  Steel  Corporation  F/Ar  iVo- 

Date:  09/21/SS 

P.O.  No: 

Houston  Report  No.:  881474 

Project:  Photograplis  of  One  4  3/4"  Weldment  and  One  5  i/4"  Weldment 


PROJECT  INFORMATION 


Material: 

Identification: 
Date  Received: 
Specifications: 
Test  Equipment. 


One  -  4  3/4"  Wide  S.A.w!  Narrow  Gap  Test  Plate;  One  -  5  1/4"  Wide 


S.A.W.  Narrow  Gap  Test  Plate 
Houston  Report  No.  881474 
September  13,  1988  Technician: 

Per  Client  Date  of  Test: 

Mctallographic  Procedure: 


York  Patterson 
September  21,  1988 
ASTM  E  3 


TEST  RESULTS 


Figure  1  Mag:  0.6X  Etch:  2%  Nltal 
Photomacrograph  of  a  Cross  Section 
on  the  4  3/4"  Test  :Plate. 

PHASE  IV  TEST  PLATE  #7 


Our  tatters  and  reports  are  fot  tha  exsustva  use  ot  the  cl:er.t  to  *ftom  they  are  addressed.  The  use  ol  cur  paste  must  receive  our  prior  wntten  approval  Our  letters 
and  reports  apply  only  to  the  sample  tasted  andrcr  inspected,  and  are  not  necessarily  indicative  of  die  qualifies  cf  -apparently  identical  or  similar  procucts. 


Figure  A-59.  Macro  Photo  of  Narrow  Gap  Sub  Arc  Weld  -  Plate  IV-7 


A-61 


SOUTHWESTERN  LABORATORIES 

Page  2  of  4 

BETHLEHEM  STEEL  CORPORATION 


Report  No.  945SS 


Figure  No.  2  Mag:  500X  Etch:  2%  Nital 

WeJd  microstructurc;  fine-grained  ferrite  with 
a  small  percentage  of  pcarlite. 


PHASE  IV  TEST  PLATE  #7 


Figure  A-60.  Micro structure  of  Weld  -  Plate  IV-7 


A-62 


DATA  NOT  AVAILABLE 


gure  A-61.  Impact  Tests  of  Plate  IV- 7 


PLATE  IV  -  8  FLAT  POSITION 
L-TECH  #EM  4  -  5/32'  WIRE  W/- #0091  FLUX 
D.C.  LEAD  ARC  700  AMPS,  34  VOLTS 
A.C.  TRAIL  ARC  650  AMPS,  32  VOLTS 
AVERAGE  TRAVEL  SPEED  I6.5VMIN. 

86.5KJ/INCH  LEAD  ARC,  75.5KJ/INCH  TRAIL  ARC  HEAT  INPUT 


45° 


WELD  SAW  PROCESS 

THICKNESS  4  3/4“ 


JOINT  DESIGN  © 
0”  ROOT  OPENING 


Figure  A-62.  Sub  Arc  Test  Assembly  for  4-3/4-Inch  Thick. 
100  ksi  Yield  Strength  Steel  Plate 


SQUIRED: 


T-l 

.755  x  1.018  .7685 

100,183 

87,500 

113,844 

Parent  Metal 

1-2 

.748  x  .936  .7001 

105,984 

78,900 

112,698 

Weld  Metal 

X-3 

.502"  dia.  .1979 

89,944 

21,940 

110,864  26% 

65% 

11  weld) 

Side  Bend  ill  -  Satisfactory 
Side  Bend  #2  -  Satisfactory 
Side  Bend  #3  -  Satisfactory 
Side  Bend  #4  -  Satisfactory 


ckniciani  John  Blair 

pies  toi  2— John  West 


SOUTHWESTERN  LABORATORIES 


j  reports  apply  only  to  the  sample  tested  and/or  Inspected,  and  are  not  necessarily  Indicative  of  the  qualities  of  apparently  Identical  or  similar  products. 


Figure  A-63.  Tensile  and  Bend  Tests  for  Plate  IV-8 
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I 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


Bethlehem  Steel  Corporation 


Testing  Machine: _ T  ■  Q .  Sen... — #_ 8B.4.40 - 

Linear  Velocity  of  Hammer: - 16. 8  ft,  per_.s 

Effective  Energy: - 264  ft.  pounds 

Specimen  Size: _ lOnmjL-i^SS - 


est  Method:  ”v"  Notch  Simple  Chare 

.Specimen  Type: _ _A?' _ 

-Specimen  Temp:  Minus  60°  F. _ 


pecimen 

dentification 

Width, 

In  Inches 

Effective 
Section  Size, 

In  Inches 

Impact  Value 
Ft.  Pounds 

Lateral  Exp. 
Mills 

%  Shear 

Jeld  #1 

.393 

.315 

13 

3 

20 

n 

.393 

.315 

12.5 

2 

20 

#3 

.394 

.315 

11.5 

1 

10 

3 ion  Line 

n 

.394 

.315 

108 

46 

40 

as  1mm 

n 

.394 

.315 

71 

25 

20 

n 

..394 

.315 

36 

8 

10 

3 ion  Line 

#i 

.394 

.315 

119 

59 

90 

is  5mm 

n 

.394 

.315 

147 

62 

90 

#3 

.394 

.315 

113 

58 

80 

lopiesx  John  West 


Southwestern  Laboratories 


Our  UlUn  and  reports  ut  /or  ths  udmive  um  of  Um  client  to  *hora  Uvtr  tr*  uldmied,  The  um  of  our  miht  nu/t  nedvt  our  prior  written  Appro*  sL  Our 
Jctters  and  report*  Apply  only  to  U>*  umpl»  UsUd  And/or  tnrp«ct*d.  And  ato  n^  iuc«Maiily  lrvUcaUv*  of  Um  quaUlIc*  of  Apparently  Identic*!  or  •t/milAf  products. 


Figure  A-64.  Impact  Tests  of  Plate  IV-8 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


File  No.  4090305 

_ Beaumont  Texas _ 9-16-88 

IMPACT  TESTS  ON  STEEL 


•p0 _ Bethlehem  Steel  Corporation _ 

P.  O.  No, _ _ _ - _ .Date  of  Test 

Materiai _ &-710  Class  3  Grade  A.  4  3/4"  tk _ 

Identification  Mafia _ SjA.W.  (Regular  Weld  Groove) - 

Specification* _ ASTM  A-370  SWL  Ho  9706-102-75  Rev,  1 _ 


T.O.  R«»r.  }  RR4AO  Test  Method:  MV" 

Notch  Simula  Beam 

Chamv 

ft.  ner  second.. 

264 

ft.  nounds 

-Specimen  Type:  " 

’A” _ 

10nrm  X  10mm 

Specimen  Temo: 

minus  40°F 

Effective 

Specimen 

Width, 

Section  Size, 

Impact  Value 

Lateral  Exp . 

Identification 

In  Inches 

In  Inches 

Ft.  Pounds 

Mills 

%  Shear 

Weld  ill 

.394 

.315 

22 

20 

20 

n 

.394 

.315 

22 

16 

20 

S3 

.395 

.315 

40 

30 

20 

Copiesi  2-John  West 


Technician:  John  Blair 


Southwestern  Laboratories 


Lab.  No.  94598-rg 


ZST -  'Tj-'T  & 


Our  UtUra  and  reports  are  for  tb«  cxeSudvc  use  of  tba  client  to  whom  1 bay  arc  addressed.  Tb*  mt  of  our  iuim  mutt  rcccivy  our  prior  written  approval.  Our 
lotteri  and  rc  porta  apply  only  to  th*  mm  pic  tested  and/or  inspected.  and  arc  not  II  rti  y  ladioctbrc  of  tba  qualities  of  apparently  identical  or  •tzailar  products. 


Figure  A-65.  Impact  Tests  of  Weld  Metal  for  Plate  IV-8  at  -40  Degrees  F 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


File  No.  4092300 

_ RpfMimnnr _ ,  Texas. _ 8/16/RS 

IMPACT  TESTS  ON  STEEL 


'j'q _ Bethlehem  Steel  Corporation 


P.  O.  NTn  S-8805-1012 _ i _ 

Material _ A-710  Class  3,  Grade  A  Modified,  4-3/4"  thick 


..Date  of  Test  8/16/88 


Identification  Marti _ . 


ASTH  A-370,  SWL  No.  9706-102-75  Rev.  2 


Testing  Machine:  T.0.  Ser.  J  88440 _ Test  Method: _ "V"  Notch  Simple  Charpy 

Linear  Velocity  of  Hammer: - 16.8  ft, ...per.  s.s.C.Q.nd - 

Effective  Energy: _ 264  £ t .  .pounds _ Specimen  Type: _ "A" _ _ 

Specimen  Size: _ lOmm  x  iOmm _ Specimen  Tpmp;  Minus  20  F. _ 


Specimen 

Identification 

Width, 

In  Inches 

Effective 
Section  Size, 

In  Inches 

Impact  Value 
Ft.  Pounds 

Lateral  Exp 
Mills 

%  Shear 

Weld  #1 

.394 

.314 

22 

17 

20 

'  if  2 

.394 

.315 

18 

15 

20 

if3 

.395 

.315 

21 

18 

20 

Reference:  99315 


Copiesx  John  West 


Lab.  No.  9453 4- je 


Southwestern  Laboratories 
Pbh 

^  zr-Tlv  <3 


££*5 ^ «*ciualvc  ui*  l?  *h®m  ****  ^  Tb*  UJ*  Of  Our  nim*  mull  nttriv*  our  prior  ortlUn  i^mnL  Our 

tefUr*  and  rvportJ  Apply  only  to  th*  ample  tarUd  and/or  Inspected.  and  at*  not  nccmarlLy  Indicative  of  tb«  qualities  of  apparently  Identical  or  rimlTar  product. 


Figure  A-66.  Impact  Tests  of  Weld  Metal  for  Plate  IV-8  at  -20  Degrees  F 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


File  No.  4090305 

- Beaumont - .  Texas, _ 9-1 

IMPACT  TESTS  ON  STEEL 


To_ 


Bethlehem  Steel  Corporation 


P.  O.  No - 

Material _ A-710  Class  3  Grade  A,  4  3/4”  tk 


..Date  of  Test _ 9-14-88 


Identification  Marks _ S.A.W.  (Regular  Weld  Groove) 


Spedficatic 


ASTM  A-370  SWL  No.  9706-102-75  Rev.  1 


Testing  Machine;  T.O.  Ser.  88440 _ Test  Method: _ "V"  Notch  Simple  Beam  Charov 

Linear  Velocity  of  Hammer: _ 15;%.  ft.,  per, second _ 

Effective  Energy: _ _ 264  ft.-.-.P-SUUds _ Specimen  Type: _ Hill _ 

Specimen  Size: _ 10mm  X  10mm _ Specimen  Temp: _ _ _ 0°F _ 


Specimen 

Identification 

Width, 

In  Inches 

Effective 
Section  Size, 

In  Inches 

Impact  Value 

Ft .  Pounds 

Lateral  Exp. 
Mills 

%  Shear 

Weld  #1 

.395 

.315 

43 

32 

30 

n 

.395 

.315 

51 

39 

20 

it  3~ 

.395 

.315 

61 

48 

30 

Copiesi  2-John  West 


Technician:  John  Blair 


Lab.  No.  94596-rg 


Our  Uttm  *od  rtporu  ut  for  th*  oxclutivc  u**  of  Ci#  dl«nt  lo  *hom  they 
UtUrt  r*porU  Apply  c*\ly  to  tfco  Munpt*  toattd  and/or  iiwpretod.  and  ax*  not 


Southwestern  Laboratories 

PSH  ^ 


~7?/A-s£'Jjr- '-'TirrS 


addrweted.  The  u*o  of  our  name  amt  rtcalre  our  prior  written  appraraL  Our 
- lt>dk*tt**  of  the  *uallUr*  of  apponmtty  Identic*!  or  rtnaltar  product!.  „ 


Figure  A-67.  Impact  Tests  of  Weld  Metal  for  Plate  IV-8  at  0  "Degrees  F 


A-69 


PHASE  IV  -  m 


PHOTOMACROGRAPH  OF  PHASE  TV 
TEST  PLATE  HO.  8 


Figure  A-68.  .Macro  Photo  of  4-3/4-Inch  Thick  Sub  Arc  Weld 

Test  Plate  IV-8 


A— 70 


SOUTHWESTERN  LABORATORIES 

EEIHIEffiM  s'H-lKL.  CERPC8AXICN 


Figure  No.  1  2%  Nital 

Micrcetnicture  at  500X  in  weld  metal  cn  Sanple  No.  1. 


PHASE  I-y  TEST  PLATE  #8 


Figure  A-69.  Microstructure  of  4-3/4-Inch  Thick  Sub  Arc 

Weld  -  Plate  IV-8 


A-71 


SOUTHWESTERN  LABORATORIES 

BEHMZHEM  STEEL  OCHPCRAEKN 


Hicrcstacture  at  320X  near  the  fusion  zone  with  the 
photo  primrily  showing  the  HAZ  an  Saiple  No.  1 


PHASE  IV  TEST  PLATE  #8 


Figure  A-70.  Microstructure  of  4-3/4-Inch  Thick  Sub  Arc 
Weld  Near  Fusion  Line  -  Plate  IV-8 


A— 72 


PLATE  1V-9  FLAT  POSITION 

L-TECH#  EM  4  5/32"  WIRE  W/  #0091  FLUX 

DC.  SINGLE  ARC  -  ELECTRODE  POSITIVE  (DORP) 


PASSES  *  31-87 
90.6  KJ/INCH  HEAT  INPUT 


PASSES  *  11-30 
105.7  KJ/INCH  HEAT  INPUT 


PASSES  *  1-10 
98.2  KJ/INCH  HEAT  INPUT 


•LAST  PASS 
THIS  TEST  PLATE 

4  "GAP 


■  PASSES  *31-97 
600  AMPS-36  VOLTS 
I3.5‘/MIN 


-PASSES  *11-30 
700  AMPS -34  V0LTS-I3.5VMIN 

-PASSES  *1-10 

650  AMPS-34  V0LTS-I3.5VMIN 


WELD  SAW  PROCESS 

NARROW  GAP 

THICKNESS  5  1/4" 


JOINT  DESIGN  <« 
R.O.  AS  SHOWN 


Figure  A-71.  Narrow  Gap  Sub  Arc  Weld  of  5-1/4— Inch  Thick 
100  ksi  Yield  Strength  Steel  Plate  IV— 9 


m  ~7n 


SOUTHWESTERN  LABORATORIES 


REPORT  OF  TESTS  ON  METAL  SPECIMENS 


_ Beaumont 

Bethlehem  Steel  Corporation 
project  Mechanical  Testing  of  Welding  Procedure 
material  A71G,  Class  3,  Grade  A  Modified,  5-1/4"  thick 
identification  SAW,  Narrow  Gap 

spec,  reference  ASME  Sec.  IX,  SWL  No.  9706-103-75  Rev.  1 


FILE  NO. 

.TEXAS _ 

REPORT  NO. 

ORDER  NO. 


4092300 

8/16/88 

94533-je 

S-8805-1012 


Sq.  In. 
Are* 

Yluld,  p.s.l.* 

Ultimata 
Strength,  lbs. 

Tensile 

Strength,  p.s.i. 

%  El. 

%  RA. 

Location  of  Fracture 

REQUIRED: 

T-l  .747  x  .969 

.7238 

107,067 

83,400 

115,225 

Weld  Metal 

T-2  .759  x  .992 

.7529 

97,489 

86,900 

115,416 

Weld  Metal 

T-3  .494"  dia. 

(All  weld) 

.1917 

103,547 

21,440 

111,841 

13.5% 

26% 

Side  Bend  #1  -  Unsatisfactory- 
Side  Bend  #2  -  Unsatisfactory 
Side  Bend  it 3  -  Satisfactory 
Side  Bend  #4  -  Satisfactory 


techniciani  John  Blair 


COPIES  TOi 


2- John  West 


SOUTHWESTERN  LABORATORIES 


v  '7&AS*’  -  75-77  ‘f 

. . 


Figure  A-72.  Tensile  and  Bend  Tests  for  Plate  IV-9 


4—7  A 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


_ Beaumont 

IMPACT  TESTS  ON  STEEL 

*p0 _ Bethlehem  Steel  Corporation _ 

P.  O.  No.  S-8805-1012  _ 

A-710  Class  3,  Grade  A  Modified,  5-1/4"  thick 

Identification  Maiki _ SAW,  Narrow  Gap - 

Specifications.  ASTM  A-370 ,  SWL  So.  9706-102-75  Rev.. ,2 - 


File  No. 
_ Texas— 


4092300 

8/19/88 


_ Date  of  Test 


8/16/88 


Testing  Machine: — Xa-Q..  S 
Linear  Velocity  of  Hammer: 

Effective  Energy: - 

Specimen  Size: - Iff1™  * 


"V11  Notch  Simple  Char 


16.8  ft.  per 
264  ft.  pound 


10mm  x  10mm 


.Specimen  Typen_ 
.Specimen  Temp:. 


Minus  60°  F. 


Specimen 

Identification 

Width, 

In  Inches 

Effective 
Section  Size, 

In  Inches 

Impact  Value 

Ft .  Pounds 

Lateral  Exp. 
Mills 

%  Shear 

Weld  n 

.394  . 

.315 

12.5 

8 

20 

n  ■' 

.394 

.315 

16.0 

11 

20 

#3  ' 

.394 

.315 

19.0 

.12 

20 

us ion  Line 
•  1  mm  #1 

.393 

.315 

140.0 

72 

50 

#2 

.394 

.315 

142.0 

65 

60 

#3 

.394 

.315 

174.0 

55 

50 

'usion  Line 
■  5  mm  #1 

.394 

.315 

109.0 

60 

20 

n 

.394 

.315 

34.0 

25 

30 

if3 

.394 

.315 

54.0 

29 

20 

Copiesi  John  West 


RfcnupQ 


24  TIPS,  I 

L'zPT.  j 


Lab.  No.  994.87- je 


Southwestern  Laboratories 


7&a  ^"25T  -  "P^rr 


Our  lattm  And  reports  are  tot  t ha  aateitisiYc  um  of  iht  cllant  to  whom  they  an  ad dressed.  Tha  um  oi  ocr  mn»  mud  recaiv*  our  prtor  wrtttaa  approval.  Ojt 
JOtiare  and  reports  apply  only  to  th*  sample  tastad  and/or  Inspected,  and  are  not  u  tea  airily  indicative  ot  the  qualities  ot  apparently  identical  or  similar  products. 


Figure  A-73.  Impact  Tests  for  Plate  IV-9  at  -60  Degrees  F 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


File  So.  4092300 

Beaumont _  Texas, _ 9-23-83 

IMPACT  TESTS  ON  STEEL 


To. 


Bethlehem  Steel  Corporation 


P.  O.  No.. 
Material— 


S-8805-I012.  Reg.  Mo.  0230-0008 


A-710  Class  3  Grade  A,  5  1/4"  tk. 


Identification  Marks. 


S.A.W.  Narrow  Gan 


Specifications  AS™  4.-370,  SWL  No.  9706-102-75  Rev.  2 


.Date  of  Test _ 9-22-88 


Testing  Machine: — 

Linear  Velocity  of  Hammer:. 

Effective  Energy: - 

Specimen  Size: - 10mm  X  10nnn 


T.O.  Ser.  ff  88440 


.Test  Method:. 


"V"  Notch  Simple  Beam  Charpy 


16.8  ft.  per  second 


264  ft.  pounds 


.Specimen  Type:. 
.Specimen  Temp:. 


"A" 


minus  40°F 


Specimen 

Identification 

Width, 

In  Inches 

Effective 
Section  Size, 

In  Inches 

Impact  Value 
Ft.  Pounds 

Lateral  Exp 
Mills 

Z  Shear 

weid  in 

.395 

.315 

27 

17 

20 

#2 

.395 

.315 

26.5 

19 

20 

#3 

.395 

.315 

33.5 

22 

20 

a. 


Copies: 


2- John  West 


Technician:  John  Blair 


Southwestern  Laboratories 

73T-'~R-~r9 

Our  t«U*r*  and  raporta  *r*  tor  th*  exclusive  use  of  th*  client  to  whom  they  an*  addressed.  The  use  of  our  rime  muit  receive  our  prior  written  approval.  Our 
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Lab.  No.  94579-rg 


Figure  A-74.  Impact  Tests  for  Plate  IV-9  at  -40  Degrees  F 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 

File  No.  4092300 

..  .Refnimont: _ ,  Texas.  _ 

IMPACT  TESTS  ON  STEEL 

l 

Xo.  Bethlehem  Steal  -Cn.rpnraH  on - - - 

P.  O.  Hr  S-8805-I012  _ . _ j _ Date  of  Test _ 8/16/88 _ 

Vf^>ArUl  A-710.  Class  3,  Grade  A  Modified.  5-1  /4"  thick _ 

Identification  Mark* _ SAW  Narrow  gap - - - - 

ASTH  A-370.  SWL.  No..  9706-1Q2-75  Rev.  .2 - 


T.O.  Ser.  4 

RR440  Test  Method:  "V" 

Notch  Simde  Charov 

16.8  ft.  tier  second 

264  ft.  Dounds 

Specimen  Type:  1 

’A" 

10mm  x  10mm 

Snecimen  Temo: 

Zero  °F- _ 

Effective 

Specimen 

Width, 

Section  Size, 

Impact  Value 

Lateral  Exp, 

Identification 

In  Inches  In  Inches 

Ft.  Pounds 

Mills  % 

Shear 

Weld  #1 

.393 

.315 

52 

30 

40 

■  n 

.393 

.315 

34 

24 

30 

03 

.393 

.315 

55 

30 

40 

Copies!  2- John  West 


Southwestern  Laboratories 


Lab.  No.  94536-je 

Our  1  titan  and  r*poru  w*  for  th*  cxclualvc  ut*  of  th*  client  to  whom  t hoy  ar*  *ddrt«»ti1.  The  u»e  of  out-  name  muit  receive  our  prior  written  appccrml.  Our 
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a  nrcoBiv  juo«auTf  Ok  ui*  ^uinun  trx  anxrmnj  lacnuoii  or  iuwiar  jatnuna. 


Figure  A-75.  Impact  Tests  for  Plate  IV-9  at  0  Degrees  F 


A-77 


SOUTHWESTERN  laboratories 

Page  i  of  4 

BETHLEHEM  STEEL  CORPORATION 


Report  So. 


Figure  No.  3  Mag:  0.6 X  Etch:  2%  Nital 

Phototnacrograph  of  a  cross  section  on 
the  5  i/4*  test  plate, 

PHASE  IV  TEST  PLATE  *9 


Figure  A-76.  Macro  Photo  of  Plate  IV-9 


A-78 


Report  No.  945S3 


SOUTHWESTERN  LABORATORIES 

Page  4  of  4 

BETHLEHEM  STEEL  CORPORATION 


ckl 


Figure  No.  4  Mag:  500X  Etch:  2%  Nital 

PHASE  IV  TEST  PLATE  #9 
Weld  microstructure;  fine-grained  ferrite  with  a 
small  percentage  of  pearlite. 


SOUTHWESTERN  LABORATORIES 


Figure  A-77.  Weld  Microstructure  Plate  IV-9 


PLATE  IV  -  10  FLAT  POSITION 
L-TECH  #EM  4  -  5/32”  WIRE  W/  #0091  FLUX 
D.C.  LEAD  ARC  700  AMPS,  34  VOLTS 
A.C.  TRAIL  ARC  650  AMPS.  32  VOLTS 
AVERAGE  TRAVEL  SPEED  I6.5VMIN. 
86.5KJ/INCH  LEAD  ARC  HEAT  INPUT 
75.5KJ/INCH  TRAIL  ARC  HEAT  INPUT 


20° 


WELD  SAW  PROCESS 


TH I CKNESS  5  1/4" 


JOINT  DESIGN  (To) 


Figure  A-78.  Dual  Sub  Arc  Weld  of  5-1 /4-Inch  Thick 
100  ksi  Yield  Strength  Steel  Plate  IV-10 
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SOUTHWESTERN  LABORATORIES 


REPORT  OF  TESTS  ON  METAL  SPECIMENS 


_ BEaumont 

TOl  Bethlehem  Steel  Corporation 

project  Mechanical  Testing  of  Welding  Procedure 

material  A-710,  Grade  A,  Class  3  Modified,  5-1/4"  thick 

IDENTIFICATION  SAW 

spec,  reference  ASHE  Sec.  IX,  SWL  NO.  9706—103—75  Rev.  1 


file  no.  4092300 

.texas _ 7/26/88 _ 

report  no.  99313-je 

oroer  no.  S-8805-1012 

Req.  No.  0230-0008 


Specimen 

Size 

Sq. In. 
Area 

Yield,  p.s.l.*  | 

Ultimate 

1  Strength,  lbs. 

Tensile 

Strength,  p.s.l. 

|  %EI. 

%  RA 

Location  of  Fracture 

REQUIRED: 

T-l 

.753  x 

1.003 

.7552 

88,049 

84,700 

112,146 

Parent  Metal 

T-2 

.745  x 

1.008 

.7509 

93,746 

81,600 

108,660 

Weld  Metal 

T-3 

.508" 

dia. 

.2027 

79,921 

22,490 

110,952 

25.5% 

65% 

(All  weld) 

Side  Bend  //l  -  Satisfactory 


Side  Bend  it  1  - 
Side  Bend  #3  - 
Side  Bend  H  - 


Satisfactory 

Satisfactory 

Satisfactory 


technician!  John  Blair 
copies  toi  2— John  West 


!  RECEi!/r.3 

flii:;  4  PI?? 


SOUTHWESTERN  LABORATORIES 
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Cur  and  reports  are  tor  the  exclusive  use  of  the  client  to  whom  they  are  addressed.  The  use  of  our  name  must  receive  our  prior  written  approval.  Our  letters 
and  reports  apply  only  to  tht  sample  tested  and/or  Inspected,  and  are  not  necessarily  Indicative  of  the  qualities  of  apparently  Identical  or  similar  products. 


Figure  A-79.  Tensile  -and  Bend  Tests  for  Plate  IV- 10 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


File  No.  4092300 

Bnanmnnr _ _  TEXAS, _ 7/70/88  . 

IMPACT  TESTS  ON  STEEL 

1 

To _ Rpf-HIphpm  SfpoT  fnrpnrarinn - 

P. O.  M"  S-8805-1Q12  Reg.  No.  0230-0008 _ , _ .Date  of  Tpm-  7/76/88 

Material  A-7in,  CKAdp  a,  riacg  8  MnH-ifipd- — S-l/4"  thick - 

Identification  Mark* - SAJI — — - - - - - 

Sjv^T-fic-.pn.v!  ASTM-A— R70,  sHL-Ho  9706-107-75  Ray  2 - 

Testing  Machine;  T.n.  Spt-.  &  88440 _ Test  Method: _ "V”  Notch_Simple  Charpv 

Linear  Velocity  of  Hammer: - 16.8  ft.  per  second - 

Effective  Energy: _ 264  fc.  pounds - Specimen  Type: — !!AiL - - - 

Specimen  <:?•»»•  lOnmi  x  10mm _ _ _ .Specimen  Temp: _ Minus  60°  F. - 


Specimen 

Identification 

Width, 

In  Inches 

Effective 
Section  Size, 

In  Inches 

Impact  Value 
Ft.  Pounds 

Lateral  Exp. 
Mills 

%  Shear 

Weld  #1 

.394 

.315 

18 

10 

20 

■  n 

.394 

.315 

13 

7 

20 

It  3 

.394 

.315 

14 

9 

10 

Fusion  Line 

n 

.394 

.315 

70 

35 

20 

+  1mm 

in 

.394 

.315 

116 

60 

30 

If3 

.394 

.315 

101 

53 

30 

Fusion  Line 

n 

.394 

.315 

100 

60 

30 

+  5mm 

#2 

.394 

.315 

117 

67 

40 

It  3 

.394 

.315 

102 

60 

40 

Copies:  John  West 


Southwestern  Laboratories 


Lab.  No.  99470-je 
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Our  latter*  and  report#  »r*  for  ih*  exclualvo  u#«  of  th*  client  to  *hcm  they  art  addreaacd.  The  u#e  of  our  name  rr.uxt  receive  our  prior  written  approval.  Our 
letter#  end  report#  apply  only  to  the  aamplc  tailed  end/or  tnepactad.  and  ere  not  nccnwlly  indicative  of  the  qua  I!  lie#  of  apparently  identical  or  similar  product*. 


Figure  A-80.  Impact  Tests  for  Plate  IV-10  at  -60  Degrees  F 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 

File  No.  4090305 

Beaumont  Texas _ 9-16-88 — 


IMPACT  TESTS  ON  STEEL 

Bethlehem  Steel  Corporation _ 


P.  O.  No- 
Material— 


_ Date  of  Test _ 9  14-88 


A-710  Class  3  Grade  A,  5  1/4“  tk 


S.A.W.  (Regular  Weld  Groove) 


Identification 

ASTM  A— 370  SWL  Ho.  9706-102-75  Rev,  1 


Testing  Machine: _ T.o.  Ser.  88440 - Test  Method: - ¥ — 

Linear  Velocity  of  Hammer: - 1.6-3— ftt  per  second. 

Effective  Energy: _ 264  ft.  pounds - Specimen  Type: — II 

Specimen  Size: _ lOrnm  X  _10mm _ Specimen  Temp: — 


Notch  Simple  Beam  Charpy_ 


AH _ _ 

minus  40  F 


Specimen 

Identif ication 

Width, 

In  Inches 

Effective 
Section  Size, 

In  Inches 

Impact  Value 
Ft.  Pounds 

Lateral  Exp. 
Mills 

%  Shear 

weid  n 

.395 

.315 

23 

22 

20 

n 

.395 

.314 

14.5 

13 

10 

n 

.395 

.315 

20 

16 

20 

2<f  nr- 

sLiIj  jE.PI. 


Copiesi  2-John  West 


Techician:  John  Blair 


Lab.  No.  94597-rg 


Southwestern  Laboratories 

Per 

v  isr-'Tir/o 


Our  Wttan  ud  reporu  art  tor  the  exclusive  un  q t  th*  client  to  nbhom  tb«y  or*  addreraed,  The  u*e  of  our  nrw  rourt  ttc*ivt  our  prior  written  approval.  Our 
letter*  and  reports  apply  only  to  the  sample  tested  and/or  Impeded*  and  are  not  neceeaxrily  Indicative  of  the  dualizes  of  apparently  identical  or  flmllay  products. 


Figure  A-81.  Impact  Tests  for  Plate  IV-10  at  -40  Degrees  F 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON'  MIDLAND  BEAUMONT  TEXARKANA 


File  No.  4092300 

_ Beaumont  Texas. _ 9-26-88 

IMPACT  TESTS  ON  STEEL 


•p0 _ Bethlehem  Steel  Corporation _ 

P.  0.  No _ Date  of  Test _ 9-23-88 

Material _ A-7I0  Class  3  Grade  A,  5  I/4"tk _ 

Identification  S.A.W.  (Regular  Weld  Groove) - 


Specifications _ ASTM  A— 370)  SWL  No.  9706—102—75  Rev. — 2. 


Testing  Machine:  T-°-  Ser.  &  88440 _ Test  Method: _ "-Vi1- No t oh  S imp le_ Beam_Charpv_ 

Linear  Velocity  of  Hammer: _ jJLj.  ^!:r  Per  second - 

Effective  Energy: _ 264  ft.  pounds _ Specimen  Type: - "A" - 

Specimen  Size: _ 10mm  X  10mm _ Specimen  Temp: _ minus  40 °F - 


Effective 

Specimen  Width,  Section  Size,  Impact  Value  Lateral  Exp. 

Identification  in  Inches  In  Inches  Ft.  Pounds  Mills _  %  Shear 

Weld  Itl  .394  .315  21.0  17  20 

n  .394  .315  12.0  9  10 


Copies:  2-Joe  West  ^ 
Technician:  John  Blaiij 

t 

* 

Lab.  No.  94610-rg 


27 
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Our  tellers  And  reports  ir#  for  the  exclusive  use  of  the  client  to  whom  they  Are-  Addressed.  The  use  of  our  ntnw  must  receive  our  prior  written  Approval.  Our 
letter*  And  reports  apply  only  to  the  sample  texted  and/or  inspected,  and  are  not  necessarily  indicative  of  the  qualities  of  apparently  identical  or  similar  products. 


Figure  A-82.  Additional  Impact  Tests  for  Plate  IV-10  at  -40  Degrees  F 
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SOUTHWESTERN  LABORATORIES 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 


Beaumont: 


File  No. 
Texas, _ 


To_ 


IMPACT  TESTS  ON  STEEL 
Bethlehem  Steel  Corporation _ 


P.  O.  No_ 
Material— 


.Date  of  Test. 


A-710  Class  3  Grade  A,  5  1/4"  tk 


4090305 

9-16-88 


9-14-88 


Identification  Marks. 


S.A.W.  (Regular  Weld  Groove) 


Specifications- 


ASTM  A-370  SWL  No.  9706-102-75  Rev.  1 


Testing  T.O.  Ser.  ff  88440 _ Test  Method: _ "V"  Notch  Simple  ?33m_ghj»TO. 

Linear  Velocity  of  Hammer: _ l^L  Jl^JEiir.  S&sansL - - - - - - - - 

Effective  Energy: _ 264  ft.  pounds _ Specimen  Type: — 11AII - - - 

Specimen  Size: _ 10mm  X  10mm - Specimen  Temp: - minus_20°F - 


Specimen 

Identification 

Width, 

In  Inches 

Effective 
Section  Size, 

In  Inches 

Impact  Value 
Ft.  Pounds 

Lateral  Exp. 
Mills 

%  Shear 

Weld  itl 

.395 

.315 

31 

28 

30 

n 

.395 

.315 

28 

24 

20 

.395 

.315 

31 

25 

20 

Copies:  2- John  West 


Technician:  John  Blair 


Southwestern  Laboratories 


Lab.  No.  94593-rg 


Our  letter*  and  report*  are  for  the  exclusive  use  of  the  client  to  »hotn  they  are  addressed.  The  use  of  our  name  must  receive  our  prior  written  approval.  CXir 
letter*  and  reports  apply  only  to  the  sample  tested  and/or  Inspected,  and  are  not  necessarily  indicative  of  the  qualities  of  apparently  identical  or  similar  product*. 


Figure  A-83.  Impact  Tests  for  Weld  Metal  at  -20  Degrees  Plate  IV- 10 


a_q*; 


nrvT  TmTT'trrr'  nfririnAT  x  i  r»rsr»  i  mrvnTT?o 

auu  1  xi  w  Hi j  l  L./\£>t/i\.AJL  Lmiro 

FORT  WORTH  DALLAS  HOUSTON  MIDLAND  BEAUMONT  TEXARKANA 

File  No.  4092300 


IMP  ATT  TESTS  ON  STEEL 


P.  O.  Mr>  S-8805-1012 _ ; _ 

U^mnl  A-710.  Class  3.  Grade  A  Modified.  5-1/4"  thick 


_ Date  of  Tpsr  8/16/88 


Weld  #1 

h 

#3 


Poforonro*  QQA7H 


Copies:  John  West 


Lab.  No.  94535-je 


Southwestern  Laboratories 
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Our  letter*  and  reports  are  /or  the  exclusive  use  of  the  client  to  whom  they  are  addressed.  The  use  of  our  name  must  receive  our  prior  written  approval.  Our 
Utters  and  reports  apply  only  to  the  sample  tested  and/or  Inspected,  and  are  not  necessarily  Indicative  of  the  qualities  of  apparently  Identical  or  similar  products. 


Figure  A-84.  Impact  Tests  for  Plate  IV-10  at  -10  Degrees  F 
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PHASE  IV 


PHOTOMACROGRAPH  OF  PHASE  IV 
TEST  PLATE  HO.  10 
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SOUTHWESTERN  LABORATORIES 

BETHLEHEM  STEEL  CXSFCRATICN 


Figure  A-86.  Hicrostructure  of  Sub  Arc  Weld  -  Plate  IV-10 
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SOUTHWESTERN  LABORATORIES 

BETHLEHEM  STEEL  OQRPCRAITCN 


Figure  No.  4  2%  Nital 

Micros  tocture  at  320X  near  •  the  fusion  zone  with  the 
jtoto  showing  primarily  HftZ  cn  Sample  No.  2. 


PHASE  IV  TEST  PLATE  #10 


Figure  A-87.  Micro structure  of  Plate  IV-10  Near  Fusion  Line 


APPENDIX  C  -  Continued 


BETHLEHEM  STEEL-BEAUMONT  YARD  TELEPHONE  MEMORANDUM 


Call  Originated  By:  Time:  Date: 

J.  C.  West  1:45  PM  11-4-88 


Conversation  With:  Subject: 

Dave  Myer,  L-Tee  (216)992-1271  AWS  5.23  -  F11A6-EM4-M4  Wire/Flux 


Distribution: 

JCW.B555Blalc 


Memorandum  Re  Conversation: 

WEST  TO  MYER 

L-Tech's  "Welding  and  Cutting  Systems  Catalog"  F3307N,  9/86,  page  10-27 
shows  L120  wire  with  0091  flux  would  meet  AWS  5.23,  F11A6-EM4-M4 
classification.  Page  10-26  shows  this  combination  produces  charpy  notch 
values  of  56  ft. libs,  at  0°F  and  32  ft. /lbs.  at  -60°F  when  welding 
parameters  of  AWS  5.23,  Figure  2,  whose  maximum  heat  input  is  65.1  KJ/in. 
are  used.  We  had  exceeded  the  parameters  in  welding  eight  (8)  plates  and 
were  unable  to  attain  L-Tee' s  indicated  values.  However,  one  welded  at 

198.1  KJ/in.  had  an  average  of  20  ft. /lbs.  at  —  6 0 " F  and  one  welded  at 

83.1  KJ/in.  reached  21  ft. /lbs.  Our  best  0"F  reading  was  52  ft. fibs,  at 
162  KJ/in.  Macro  and  micrograph  showed  excellent  to  good  grain 
structures  in  every  case.  Analysis  of  the  wire  versus  the  deposit  showed 
a  drop  of  .61  Mn,  from  1.62  to  1.01.  Table  2  of  AWS  5.23  specifies  Mn4 
deposit  to  be  1.30/2.25,  therefore,  this  combination  does  not  meet  the 
AWS  5.23  specification.  What  is  wrong? 

MYER  TO  WEST 

1.  The  data  on  page  10-27  of  the  L-Tee  catalog  is  incorrect.  It  should 
read  F11A6-EM4-G.  The  M4  call  out  needs  to  be  corrected.  AWS  5.23 
Table  2,  M4  specifications  cannot  be  applied  to  a  "G"  deposit. 

2.  The  quoted  charpys  may  or  may  not  be  met  when  using  the  quoted 
parameters,  this  is  an  EM4  wire  with  a  "G"  deposit  which  is 
determined  by  the  flux,  althougH,  it  is  a  calcium-silicate  "neutral" 
compound. 

3.  L-Tee  now  has  a  L— 133  wire  and  #633  flux  that  meets  Mil.  Spec. 

23165/2D  that  can  be  used  to  weld  HY-100  without  experiencing  the 
above  problems. 


igure  A-88. 


Cause  of  Low  Toughness  of  100  ksi  Yield  Strength  Welds 
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Materials,  environmental  and  geotechnical  engineering,  nondestructive,  metallurgical  and  analytical  services 


222  Cavalcade  Sc.  *  RC.  Box  S7SS.  Houacon.  Texas  772<1S  •  7131632-9121 


Attention:  SwL  -  Beaumont  /  Mr.  John  Blair 
Bethlehem  Steel  Corporation 


Project:  Chemical  Analysis  of  Wire 


Report  No:  22S59 
File  No:  4092300 
Date:  10/21/88 

SwL-Beaumont  Report  No:  94659 

Hi 


PROJECT  INFORMATION 


Material: 
Identification: 
Date  Received: 
Specifications: 
Test  Equipment. 


5/32"  Wire  and  1/8"  Wire 

Sample  1  -  1/8"  Wire,  Sample  2  -  5/32"  Wire 

October  18,  1988  Technician:  Bob  Yount  &  Del  Armstrong 

EM-4  5.23  Date  of  Test:  October  20,  1988 

Siemens  SRS-200  XRF,  Procedure:  ASTM  E  322,  E  1019 

Leco  IR-12  Carbon 


CHEMICAL  COMPOSITION  (WT.  %) 


Sp«cim«n 


Id«ntlfic*tion 

Mn 

P 

_S_ 

_SL 

N1 

_£r_ 

M<? 

V 

1  (1/8"  Wire) 

0.07 

1.61 

0.017 

<0.005 

0.35 

2.33 

0.30 

0.47 

<0.01 

2  (5/32"  Wire) 

0.08 

1.62 

0.015 

<0.005 

0.35 

2.31 

0.29 

0.46 

<0.01 

Sp«dm«n 

Idantlflemtion 

_g.M- 

A! 

T1 

Zr 

- 

1  (1/8"  Wire) 

0.03 

0.021 

0.01 

0.01 

2  (5/32"  Wire) 

0.03 

0.011 

0.01 

0.01 

OCT  as 
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r 

Figure  A-89 .  Chemical  Analysis  of  Weld  Wire  Used  in  Phase  IV 
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Materials,  environmental  and  geotechnical  engineering,  nondestructive,  metallurgical  and  analytical  services 
222  Cavolcode  Sc.  •  PO  Sox  8753.  Houston.  Texas  772‘ S3  •  713'S32-S151 

Attention:  SwL  -  Beaumont  /  Mr.  John  Blair  Report  No:  22768 

Bethlehem  Steel  File  No.- 

Date:  10/07/88 

QA  PRS  No:  94638 


Project:  Chemical  Analysis  of  Steel  Alloy 


PROJECT  INFORMATION 

Material:  One  -  4-1/2"  Thick  Regular  Gap  Weld  Test  Plate 

Bob  Yount,  Del  Armstrong 
Sept.  30  to  October  03,  1988 
ASTM  E  322,  E  1019 


CHEMICAL  COMPOSITION  (WT.  %) 


Specimen 


Identification 

JL 

Mn 

-2L 

N1 

JJL 

Mo 

94638 

0.08 

1.10 

0.52 

2.14 

0.27 

0.47 

0.18 

Identification: 
Date  Received: 
Specifications: 
Test  Equipment : 


As  Per  21-09-94638 
September  30,  1988 
N/A 

Siemens  SRS-200  XRF, 


Technician : 
Date  of  Test: 
Procedure: 


SOUTHWESTERN  LABORATORIES 
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.HM- 


tda  Reviewed  By 

)ur  tatters  and  reports  are  (or  the  exclusive  use  of  the  client  to  whom  they  are  addressed.  The  use  of  our  name  must  receive  our  pno6^ntten  approval.  Our  letter’s 
tnd  reports  apply  only  to  the  sample  tested  and/or  inspected,  and  are  not  necessarily  indicative  of  the  qualities  of  apparently  identical  or  similar  products. 


Figure  A-90.  Chemical  Analysis  of  Weld  Deposit 
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PHASE  IV 


SUBMERGED  ARC  PLATES 


Plate  No. 

2 

4 

5 

Thickness  (") 

3-1/4 

3-3/4 

4-1/4 

Total  K/J  in. 

198.1 

198.1 

88.8 

T - 3  A _ A  ..tl 

Ltcau  XUC  ZVA.V 

-7AA..O/ 

/ WUAJM 

*7AA.,Q  /. 

/ UUAJt 

CAA^-OO 

Trail  Arc  AxV 

650x32 

650x32 

None 

n _ _  J  J  —  / _ J  __ 

opeeu  f  xu «  /  uixu  • 

i  q  c 

U»  J 

i  o  c 

U.J 

1  A  Q 
1U«U 

Stickout,  inch 

i-i  i 

1-1* 

1-1* 

Melt  Rate 

Total  lbs. 

.5/92 

.5792 

.2061 

Per  min. 

.6023 

.6023 

.2121 

Total  Area 

Sq.  in. 

.5200 

.5200 

.1996 

Dilution 

%  of 

.7153 

.7153 

.6528 

Base  Metal 

.7225 

.7225 

.6625 

Penetration 

Total  Depth 
Inches 

.5800 

.5800 

.2138 

Charpy  "V" 

-60“F 

Ft . /Lbs . 

19 

20 

12.6 

DEPOSITED  WELD  METAL  ANALYSIS 


6 

4-1/4 

204.1 

/ UUAJ J 

7 

4-3/4 

83.1 

^  ^  t/A  J  T 

8 

4-3/4 

162 

700x34 

9 

5-1/4 

90.6 

600x34 

10 

5-1/4 

162 

700x34 

650x33 

IQ  C 

1  Jt  J 

None 

IQ  C 

1  J«  J 

650x32 

1  £  C 

1U  •  J 

None 

11  k 

A  _»  •  «/ 

650x32 

1  A  C 

1  U  ■  ^ 

1-1* 

1-1* 

1-1* 

1-1* 

1-U 

.5792 

.2293 

.5792 

.2530 

.5792 

.  60*23 

AA  /•/ 

.  ^JOO 

/AAA 

,  OUxlJ 

a  /  1  n 
•  ^OAO 

/  1 1 A  A 
•  DUXJ 

.5200 

.1892 

.4338 

.2165 

.4338 

.7153 

.7225 

.6730 

.6831 

.6990 

.7101 

.6838 

.6944 

.6990 

.7101 

.5685 

.2164 

.5425 

.2430 

.5425 

11.2 

21 

12.3 

16 

15 

Figure  A-91 


Correlation  of  Weld  Deposit  with  Welding  Parameters  for  Phase  IV  Test  Plates 
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WIRE  CHEMISTRY  VS.  DEPOSITED  WELD  METAL  COMPARISON 


Phase 

III 

IV 

Class  AWS 

5.23 

F10AL-EF6 

E11A6' 

-EM4-M4 

(See  Note) 

Producer 

Oerlikon 

L-Tec 

Grades 

OP 12 ITT  Flux 

0091 

Flux 

W-25 

Wire 

L-120 

Wire 

Chemistry 

EF6 

W-25 

DEP. 

+  or  - 

EM  4 

LI  20 

DEP. 

+  or  - 

M4 

C 

.07/. 15 

.09 

,0a 

0 

.10 

.08 

.073 

-.007 

.10 

Mn 

1.45/1.9u 

1.65 

1.47 

-.18 

1.40/1. 8u 

1.62 

1.01 

-.61 

1.30/2.23 

Si 

.10/. 30 

.20 

.25 

+.05 

.20/. 60 

.35 

.59 

+.24 

.80 

Cr 

.20/. 55 

.35 

.41 

+.06 

.60 

.29 

.27 

-.02 

.65 

Ni 

1.75/2.25 

l.b3 

1.75 

+.10 

2.00/2.80 

2.31 

2.16 

-.15 

2.00/2.80 

MO 

.40/. 65 

.50 

.50 

0 

.30/. 65 

.46 

.47 

+.01 

.30/. 80 

Cu 

.35 

.17 

.18 

+.01 

.25 

.03 

.18 

+.15 

.30 

NOTE:  M4  Deposit  shown  in  L-Tec  literature  is  incorrect.  Should  be  Fl 1A6-EM4-G. 
D.  Myer,  L-Tec  to  Bethlehem  Steel-Beaumont,  11/4/88. 


Figure  A-92.  Comparison  of  Weld  Metal  Chemistry  with  Weld  Deposit  Chemistry 


DEPOSITED  TOLD  METAL  ANALYSIS 


AWS  5.23  Classification  for  L-Tec  120  Wire  with  0091  Flux  is  F11A6-EX4-M4 . 


Figure  2  of  AWS  5.23  provides  the  welding  conditions  for  this  classification 
of  5/32"  wire. 


Amps  500  ±25 
Volts  30  ±  1 
Travel  16"  ±  1 
Stickout  1-1/4"  ±  1/4  - 


Range  475  to  525  A 
Range  29  to  31  V 
Range  15  to  17  in. /min. 
Range  1  to  1-1/2  in. 


Empirical  Formulae  For  Evaluating  SAW  Welds 

AMS  Handbook:  Volume  6,  Table  10,  Page  137 

Definitions 


Mr  =  Electrode  Melting  Rate,  lb. /rein. 

A  =  Area  of  Weld  Bead  Sections,  in.' 

I  =  Welding  Current,  amperes 
L  =  Electrode  Extension,  inches 
d  =  Electrode  Diameter,  inches 
P  =  Arc  Penetration,  inches 
K  =  Flux  constant,  0.0012  for  Ca_  SiO.  flux 
L  =  Welding  Voltage,  volts 
S  =  Travel  Speed,  in. /min. 

D  =  Z  Base  Metal  Dilution 

Formulae  are, 

MR  =*  — —  [0.35  +  d^  +  2.08  x  10-7  (IL)1’22]  =  lb. /min. 
1000  d* 


A  = 


11.55 


square  inches 


i03.95  <,0.903 


D  »  100  -  353MR  m  o,  base  metal 
AS 


P  -  K  3  lVsE~  =•  inches 


Figure  A-93.  Method  of  Analysis  of  Welding  Parameters 
and  Weld  Deposit  for  Phase  IV  Plates  Using  LTEC  120  Wire 
and  Deposit  LTECO091  Flux  (Sheet  1  of  2) 
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Substituting  welding  conditions  of  AWS  5.23  in  each  formula  gives  the 
following  results. 

mr  at  Max.  kip  525,  Flax.  S10  1-1/2"  =  .23115  in.lmin. 

Max.  ,hp  525,  Min.  S/0  1"  =  .21765  in. /min. 

Min.  kp  475,  Max.  S/0  1-1/2"  =  .20554  in. /min. 

Min.  Amp  475,  Min.  S/0  1"  =  .19473  in.lmin. 

MR  Range  =  .  19473  to  . ZS1 15  in. /min. 

A  at  Max.  Amp  523,  Min.  Speed  15' '/min.  =  .16U05  in.2 

Max.  Amp  525,  Max.  Speed  17'f/min.  =  .14300  in.2 

Min.  Amp  475,  Min.  Speed  15' '/min.  =  .13/00  in.2 

Min.  Amp  475,  Max.  Speed  17' '/min.  =  .  12240  in/ 

A  Range  =  -12240  to  .16005  square  inches 


D  =  Flax.  Amp  525,  Min.  S/0  1",  Max.  Speed  17"  =  68.40  %  Base  Metal 

Xax.  Amp  525,  llin.  S/0  1",  Min.  Speed  15"  =  67.98  Z  Base  Metal 

Min.  Amp  475,  Min.  S/0  1",  Max.  Speed  17"  =  66.97  Z  Base  Metal 

Min.  bp  475,  Min.  S/0  1",  Min.  Speed  15"  =  66.55  Z  Base  Metal 


Max.  Amp  525,  Max.  S/0  1- 

-1/2", 

.  Max. 

Speed  17"  = 

66.44 

z 

Base 

Metal 

Max .  Amp 

525,  Max.  S10  1- 

-1/2", 

Min. 

Speed  15"  = 

66.00 

Q, 

O 

Base 

Hetal 

Min.  Amp  475,  Max.  S/0  1- 

-1/2", 

.  Max. 

Speed  17"  = 

65.14 

z 

Base 

Metal 

Min .  Amp 

475,  Max.  S/0  1- 

-1/2", 

,  Min. 

Speed  15"  = 

64.70 

o, 

0 

Base 

Metal 

D  Range  = 

=  64.70  to  68.40 

Z  Base  Metal 

P  =  Max.  Amp 

525,  Min.  V  29, 

Min. 

Speed 

15"  = 

.2183 

in. 

Max .  Amp 

525,  Min.  V  29, 

Max. 

Speed 

17"  = 

.2094 

in. 

Max .  Amp 

525,  Max.  V  31, 

Min. 

Speed 

15"  = 

.2088 

in. 

Max .  Amp 

525,  Max.  V  31, 

Max. 

Speed 

17"  = 

.2003 

in. 

Min.  Amp 

475,  Min.  V  29, 

Min. 

Speed 

15"  = 

.1910 

in. 

Min.  Amp 

475,  Min.  V  29, 

Max. 

Speed 

17"  = 

.1832 

in. 

Min.  Amp 

475,  Max.  V  31, 

Min. 

Speed 

15"  = 

.1827 

in. 

Min.  Amp 

475,  Max.  V  31, 

Max. 

Speed 

17"  = 

.1753 

in. 

P  Range  = 

=  .1753  to  .2183 

in. 

Eeat  Input  Range  48618  to  65100  J/in. 
AWS  5.23  Fig.  2  1913  to  2543  J/mm 


Figure  A-93.  Method  of  Analysis  of  Welding  Parameters 
and  Weld  Deposit  for  Phase  IV  Plates  Using  LTEC  120  Wire 
and  Deposit  LTECO091  Flux  (Sheet  2  of  2) 
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WEL&NG  J  iTWG  SYSTEMS 


^  i  )  /i  l—  I  ) 

i L/wunrtui  j  \w<  ^ 

ARCj^ELDlNG 

PRODUCTS 


Wf-IJ  )  A/7/-  IAI~ 

w  w  '  *  '»  *•—  #/  »4— 

MECHANICAL 

PROPERTIES 


tw* 

Stress 

% 

Boo* 

% 

♦ 

I1!? 

rciiri 

Time 

@1150? 

(521*C) 

UTS 

Y3 

gvrt— 

Wrt 

bi 

mPe 

ksl 

mPt 

£ 

tiooin 

art* 

30? 

t-rc) 

10? 

(■ire) 

0? 

(-18*0) 

■20? 

(•79*0 

-40? 

(40*0 

-60? 

(-51*0 

L-TEC  709-5  FLUX 

A2M 

AW  • 

L-TEC408 

93 

570 

72 

495 

25 

68 

— 

— 

— 

35 

21 

— 

(A) 

(28) 

8he 

L-TEC  4C8 

75 

525 

83 

435 

30 

71 

— 

— 

— 

59 

— 

— 

(80) 

A58I 

tin 

L-TEC  W$ 

1A 

go 

ifc 

(60) 

‘ 

A537 

AW 

L-TEC  EM4 

90 

_ 620 

7< 

510 

25 

68 

— 

— 

— 

a 

3L 

— 

- 

T1 

AW 

LTEC100 

118 

815 

108 

730 

20 

58 

— 

• 

35 

(47) 

HY-80 

AW 

L-TEC  25 

106 

730 

97 

625 

24 

60 

— 

— 

— 

— 

— 

37 

60 

(50 

• 

L-TCC95 

S7 

870 

82  - 

565 

28 

62 

— 

— 

— 

— 

— 

(81) 

A387  G22 

Iht" 

L-TECU521 

35 

655J 

78 

540 

25 

67 

85 

— 

73 

61 

— 

— 

(IIS 

(991 

(831 

8ht" 

L-TEC  U52’1 

85 

585 

67 

460 

26 

68 

104 

— 

S3 

81 

— 

— 

(141) 

(133) 

(110) 

A387G.11 

Ita 

L-TEC  U515 

104 

715 

89 

615 

23 

61 

24 

19 

17 

— 

— 

• 

(33) 

(26) 

(23) 

She 

L-TECU515 

92 

635 

77 

530 

24 

66 

45 

— 

37 

29 

— 

— 

(61) 

(50) 

(39) 

A302 

2  he 

L-TEC  44 

98 

675 

87 

600 

25 

64 

*— * 

— 

— 

— 

— 

21 

(29) 

L-TEC  0091 FLUX 

A204 

iht 

L-TEC  40 

93 

640 

83 

‘  570 

25 

68 

— 

— 

— 

— 

24 

— 

(O) 

A302 

itt» 

L-TEC  44 

101 

695 

87 

600 

25 

67 

— 

44 

— 

— 

— 

— 

“ 

(60) 

50  In" 

L-TEC44 

85 

585 

72 

495 

23 

71 

— 

75 

— 

— 

— 

(UK) 

T-t  .  * 

AW 

L-TEC  100  ' 

T19 

820 

T06 

730 

22 

62 

49 

— 

— 

— 

43 

— 

(66) 

(58) 

HY-100 

AW 

L-TEC120 

120 

825 

106 

730 

22 

60 

— 

— 

56 

— 

— 

32  . 

(76) 

(43) 

HY-130 

AW- 

L-TEC  140 

150 

1035 

135 

930 

15 

54 

49 

— 

— 

— 

— 

39 

. 

(66) 

(53) 

Notes:  WAWS  Joint  design  end  welding  parameters  used — typically  500-550A  DCRP,  28-30V,  1 6  ipm  (6.8  mm/sec) 
"Stress-relieved  @  1275*?  (691*C) 

"Plate  thickness  3/4*  (1 9  mm).  coded  at  lOT/hr.  alter  stress-relie! 
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Figure  A-94.  Table  of  Weld  Mechanical  Properties  for 
Sub  Arc  Welding  Products  (LTEC) 
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IhTEG 

WELDWG  4  CUTTING  SYSTEMS 


SUBMERGED  SPECIFICATIONS 

ARC  WELDING  &  CODES  _ 

PRODUCTS 


L-TEC  FLUX/WIRE  COMBINATIONS  WHICH  MEET  AWS  AND  CSA  SPECIFICATIONS'11  ^ 


AWS  A5.17/ASME  SFA5.17 


LTECWIRE 

l-tec  aux 

AWS  CLASSIFICATION 

eo 

80 

F8A2-B.12 

350 

KA2,  F7A2-EL12 

35GM 

F6A2,F7A2-ai2 

231 

F7AZ-&12 

81.29 

50 

Knjcimm&r 

60 

F6A2.F7A2.-EM12K 

80 

F6A2,  F7A2-EW I2K 

231 

F7A2-EM12X 

*  350 

F7A2-E3412K 

350M 

F7A2-EM12X 

.  429 

F7A2,F7P4-EM12X 

42SM 

F7A2-EM12K 

585 

FSA2,  F7A2-EM12X 

*  651VF 

F7AS-EM12X 

29S 

429 

F7A2-EMI3K 

423M 

F7A2-EM13K 

651VF 

F7A6,  F7P4-EM13K 

38 

20 

F6A2,  F7A2-EH14 

50 

F6A2.F7A2-EHI4 

60 

F6A2,  F7A2-EH14 

80 

F6A2.F7A2-EH14 

124 

F6A2,  F7A2-EH14 

585 

F7A2-EH14 

CSAW48.6-M 

L-TEC  WIRE 

L-TEC  aux 

CSA  CLASSIFICATION 

80 

350 

F4S035L12 

81 

60 

F4803-EM12X 

80 

F4803-EM12K 

231 

F4803-EM12X 

350 

F48C3-EM12K 

429 

F4803-EM12X 

585 

F4803-EM12K 

651VF 

F4805-EM12K 

38 

50 

F4803-EH14 

60 

F4803-EH14 

80 

F4803-EH14 

** 

585 

F48Q3-EHI4 

AWS  A5.23/ASME  SFA5.23 


L-TEC  WIRE 

l-tec  aux 

AWS  CLASSIFICATION 

WS 

429 

F7A2,  F3A2-EW-W 

709-5 

F7A2.F8A2-EW-W 

EJ£4 

429 

F8A4,F8P4-EfWfi4 

709-5. 

F7A4rF8A4-e*44*t- 

651 VF 

F8A8.F3P8-ENi4-f« 

40A 

80 

F7AQ-EA1-A1 

403 

SO 

F7A0.F7P2-EA2-A20* 

124 

E7AD,  F7F9-EA2-A2 

7095 

F7A2.F7P4-EA2-A2™ 

429 

F8A2,  F8P2-EA2-A2 

40 

80 

F8M.F7P9EA3-A30' 

124 

F8A0,  F7P2-EA3-A3 

0091 

FBP4-EA3-A3™ 

44 

124 

F3A2.F8P2-EF2-F2"  . 

7095 

F5P4-EF2-F2 

55 

7095 

F10A6-EM2-H2 

100 

7095 

F11A4-EF5-F5 

0091 

F11A4-EF9G 

120 

0091 

FI1A65J44-M4 

US21 

80 

F8P0-EB3-8301 

7095 

■■'F8P9EB353°> 

U515 

80 

F5PZ-EB2-B2 

7095 

F9FZ-E32-B2 

Not**;  •’’Additional  flux/wire  conformance  results  are  available  from  L-7ECs  extensive  library  of  welding  data.  Contact  your  L-TEC  sales  office  for  more  information. 
•  B1ln  accordance  with  our  policy  of  continuing  product  improvement,  these  classifications  are  subject  to  change  without  notice, 
indicates  t  hr.  stress-relief.  Also'meets  requirements  after  8  hr.  stress-relief. 
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Figure  A-95 .  LTEC  Flux/Wire  Combinations  -  Specifications  and  Codes 
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Figure  A-96.  Inspection  Certificate  -  December  26,  1985  (Sheet  1  of  2) 
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Figure  A-96.  Inspection  Certificate  -  December  26,  1985  (Sheet  2  of  2) 
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Figure  A-97.  Vickers  Hardness  for  3/4-Inch  to  2-3/4-Inch  Plates 
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Figure  A-98.  Vickers  Hardness  for  Steel  Plates 
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Figure  A-99.  Inspection  Certificate  -  February  17,  1986  (Sheet  2  of  2) 


APPENDIX  B 

WELDING  EQUIPMENT  USED 
FOR  WELD  TEST  ASSEMBLIES 
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Linde  450  Pulse,  Constant  Potential  Power  Supply  (MIG  Welding) 

L-Tee  Digimie  Deluxe  Wire  Feeder  -  Using  a  Microprocessor  with  Digital  Logic 

MT-400  (L-Tec)  Light  Weight  Air  Cooled  Torch  for  250  Amps  100  percent  Duty 

Cycle  with  Argon  Mixture  and  400  Amps  100  percent  duty  Cycle  with  C02 

L-Tee  VI-1200  Submerged  Arc  Welding  Power  Supply  for  up  to  1200  Amps 

L-Tee  uNM-8  and  UWM-9  Single  Sub-Arc  Arc  Assembly  for  AC  or  DC  Welding 

L-Tee  Busbar  and  Nozzle  Assemblies  for  Straight  Nozzle,  Curved  Nozzle  and  Deep 
Groove 

UEC-8  (L-Tee)  Basic  Submerged  Arc  Welding  Control  for  AC  or  DC,  Constant 
Current  or  Constant  Voltage 

Linde  650  CV/CC  Power  Supply  for  MIG  Spray  Arc  Flux  Core  and  Shielded  Metal 
Arc  (700  Amp) 

Miller  Power  Supplies:  Dimension  400  for  400  Amp  CD/CC  for  SMAW,  GMAW  and 

Subarc 

Thunderbolt  225  for  225  amp  CC  SMAW 

Square  base  1000  -  Constant  Voltage  1000  Amp  for 

Subarc 

Econotwin  for  150  Amp  Constant  Current  SMAW  Welding 
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The  Benefits  of  New  High-Strength 
Low-Alloy  (HSLA)  Steels 


A  precipitation-hardened  steel  may  be  the  best  answer 
to  the  high  cost  of  welding,  because  less  preheat  maybe  used 

BY  T.  L  ANDERSON,  J.  A.  HYAIT  AND  J.  C.  WEST 


Welding  of  high  strength  low-alloy  (HSLA)  steels  often 

requires  extensive  preheat,  specialized  welding  procedures, 
and  sometimes  heat  treatment  to  avoid  cracking  problems, 
These  cracking  problems  are  often  caused  by  the  high 
carbon  and  alloy  content  necessary  to  attain  high-strength 
levels.  When  a  precipitation-hardened  steel  is  used,  these 
problems  can  be  reduced  significantly,  along  with  welding 
and  repaircosts.  [n  today's  highly  competitive  environment, 
costs  must  be  keptto  a  minimum  in  order  to  assure  survival. 
A  precipitation-hardened  steel  may  be  the  best  answer  to 
the  high  cost  of  welding  high-strength  steels-not  only  in 
shipbuilding  and  offshore  structures,  but  in  other  fabricated 
steel  products  as  well. 


Introduction 


The  Navy  is  cost  conscious  and  is  trying  to  reduce  cost 
whenever  possible.  In  1982,  NAVSEA’S  Material  Fabrication 
Improvement  goals  were  established  for  fiscal  years  1983 
through  1990.  The  prime  goal  was  to  “reduce  shipbuilding 
costs  through  improvement  of  welding  processes,  materials, 
technologies,  procedures,  and  techniques,  while  simulta¬ 
neously  improving  overall  quality.”  Most  of  the  high-strength 
steels  used  in  Navy  construction,  particularly  HY-80  and 
HY-100,  attain  their  strength  levels  from  a  quench-and- 
temper  heat  treatment.  The  welding  of  these  steels  requires 
the  use  of  sustained  preheat,  controlled  interpass  tempera¬ 
tures  and  heat  input  limitations.  Strict  adherence  to  these 
requirements  is  mandatory  to  avoid  cracking  in  hydrogen- 
sensitive  steels  and  to  assure  the  desired  mechanical  proper¬ 
ties.  Unfortunately,  these  requirements  increase  cost  consid¬ 
erably. 

In  order  to  reduce  cost,  an  alternative  steel  with  similar 
properties  was  sought.  The  A710  Grade  A  steel  used  in  the 
offshore  industry  was  chosen  for  testing,  it  has  the  ability  to 
attain  80,000  psi  (551.7  MPa)  yield  strength  and  has  the 
necessary  toughness.  Its  ASTM  ch”:.tlL.  composition  and 
minimum  mechanical  properties  arcuiiLg-  i  l  Table  1.  The 
A710  steel  obtains  its  strength  from  precipitefeen-hardening, 
and  because  of  a  low  carbon  content  (0.07  max.),  it  is  much 
less  sensitive  to  hydrogen-induced  cracking.  The  material 
was  tested  by  the  Navy  and  certified  for  use  through 
thicknesses  of 11 A  in.  (32  mm)  for  structural  applications. 
Testing  continued  on  thicknesses  through  2  in,  (51  mm). 


T.L.  ANDERSON,  J.A.  HYATT  and  J.C.WEST  are  with  Bethlehem 

Steel  Corporation,  Beaumont,  Tex. 


Bethlehem’s  Experience 

In  1981,  Bethlehem  required  a  high-strength  steel  with 
excellent  toughness  in  a  new  design  of  the  critical  column 
leg-to-mat  deck  connection  of  an  offshore  oil  rig  -[Figs.  1 
and  2.  A  combined  effort  with  Armco  personnel  led  to 
specifying  Armco’s  NI-COP,  which  is  made  to  ASTM  A710 
for  general  applications  and  A736  for  pressure  vessel  use. 
The  A736  specification  was  chosen  because  of  its  stricter 
testing  requirements.  Plates  of  2%, 3  and  5  %  in.  (70,76  and 
140  mm)  thick  were  purchased  in  the  quenched-only  concfi- 
tion.  The  lower  yield  of  the  quenched-only  material  permit¬ 
ted  easier  rolling  of  the  sections  to  the  required  diameter. 
The  subassembly  was  welded  and  then  precipitation  hard¬ 
ened  to  attain  the  desired  strength  level.  Yield  points  of 
83,200  psi  (573.7  MPa)  for  the  2?4  in.,  77,100  psi  (531.7 
MPa)  for  the  3  in.,  and  70,700  psi  (487.5  MPa)  for  the  5Yz  in. 
material  were  reached.  Charpy  impact  values  in  the  HAZ 
were  outstanding,  averaging  almost  200  ft-lb  (271  J),  includ¬ 
ing  some  no-breaks  at  264  ft-lb  (358  ])  and  at  40”F  (-400  C). 

Request  for  Funds 

[n  1983,  Bethlehem  made  a  proposal  to  the  SP-7  welding 
panel  of  the  ship  production  committee,  Society  of  Naval 
Architects  and  Marine  Engineers  (SNAME),  for  a  four-phase 


Table  I— Chemical  Composition  and  Mechanical  Properties 
MM-A710  Grade  A  Class  3 


Chemical  Composition  (%) 


Carbon 

0.07 

Manganese 

0.40-0.70 

Phosphorus 

0.025 

Sulfur 

0.025 

Silicon 

0.40 

Nickel 

0.70-1.00 

Chromium 

0.6.0-0.S0 

Molybdenum 

0.15-0.25 

Copper 

1.00-1.30 

Columbum 

0.02 

Mechanical  Properties 

Yield  strength 

75  ksi  through  2  in. 
65  ksi  over  2  in. 

Tensile  strength 

85  ksi  through  2  in. 
75  ksi  over  2  in. 

%  Elongation 

20 

Notch  toughness 

50  ft-lb  @  -800F 

T» L», 
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project  to  evaluate  the  benefits  of  A710  in  thicknesses 
through  6  in.  (152  mm).  The.  project  was  approved  in 
February  1984,  with  funding  administered  by  the  Maritime 
Administration.  The  goals  of  the  project  were  to  successfully 
weld  ASTM  A710  without  sustained  preheat  and  without 
heat  input  limitations.  Strength  levels  for  the  first  two  phases 
were  targeted  at80,000  psi  (551.7  MPa)  yield  through  3  in. 
(76  mm),  75.CMI0  psi  (517.2  MPa)  yield  through  5  in.  (127  mm), 
and  70,000  psi  (482.7  MPa)  yield  through  6  in.  (152  mm).  In 
the  last  two  phases  of  the  project  a  modified  version  of  the 
A710  would  be  tested  with  strength  levels  targeted  for 
100,000  psi  (689.6  MPa)  yield  through  3  in.,  90,000  psi  (620.6 
MPa)  yield  through  5  in.,  and  85,000  psi  (586.2  MPa)  yield 
through  6  in.  This  paper  will  present  the  work  and  results  of 
the  first  two  completed  phases. 


Progress  Report 

Work  started  in  August  1984  on  the  first  phase  of  the 
project.  Phase  1  consisted  of  plate  thicknesses  of  2U,  2% 
and  3  in.  (57,  70  and  76  mm).  Welding  processes  used 
included  SMAW,  pulsed  GMAW,  SAW,  and  narrow  gap 
SAW,  with  emphasis  on  the  submerged  arc  processes.  The 
2?4  -in.  material  was  tested  first  since  it  was  in  the  quenched- 
only  condition,  having  the  following  chemistry 

C  Mn  P  S  Si  Cr  Ni  Mo  Cu  Cb 

0.030.500.010  0.005  0.210.780.910.201.23  0.037 


Six  test  pieces  of  the  2%-in.  plate  were  precipitation 
hardened  at  temperatures  ranging  from  1000°  to  1125°F 
(538°  to  607"C)  for  1  h  per  in.  thickness  (165  min).  Tensile 
and  impacttests  were  conducted  to  determine  the  optimum 
precipitation-hardening  temperature.  The  tensile  test  results 
(Fig.  3)  showed  that  at  a  1000°F  precipitation  hardening 
temperature  the  highest  strength  levels  of  the  temperatures 
tested  were  attained.  The  impact  testj  (Fig.  4)1  were  con¬ 
ducted  at  -80”F  (-62"C)  and  did  not  lead  to  a  definite 
conclusion  on  an  optimum  preapitation-hardening  tempera¬ 
ture.  Data  from  the  manufacturer  were  consulted  and  it  was 
deaded  that  a  precipitation-hardening  temperature  of 
10500 F  (566"C)  would  produce  the  best  overall  results. 

The  first  set  of  test  plates  were  welded  in  the  quenched- 
only  condition  at  various  heat  inputs  and  then  preapitation 
hardened.  Another  set  of  test  plates  wc  e  precipitation 
hardened  and  then  welded  at  the  same  heat  mpuw.  Mechan¬ 
ical  tests  conducted  on  the  test  plates  included  a  weld  metal 
tensile  test,  reduced  section  tensile  tests,  Charpy  V-notch 
impacttests,  side  bend  tests,  and  a  Rockwell  hardness  test 
on  a  cross-section. 


The  results,  compared  by  heat  inputs  ir  Table  2,  exhibit  no 


significant  difference  in  weld  metal  strength.  The  reduced 
section  tensile  tests  did  not  reveal  a  distinction  in  strength 
levels.  The  impact  test  results  did  exhibit  a  substantial 
difference  in  toughness.  Test  plates  that  were  precipitation 
hardened  and  then  welded  appear  to  have  consistently 
higher  impact  values. 
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YIELD  OR  TENSILE  STRENGTH  (PSI) 


PRECIPITATION  HARDENING  TEMPERATURE  (°F) 

Fig-  3— Precipitation-hardening  temperatures  vs.  yield  and  tensile 
strengths 


PRECIPITATION  HARDENING  TEMPERATURE  (°F) 
Fig.  4-Predpitation-hardening  temperatures  vs.  impact  values 
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Table  2— Submerged  Arc  Welded  2%-in.  Test  Plate  Comparison 


Condition  of  plates 

QO'a> 

PH(b) 

QO 

PH 

QO 

PH 

QO 

PH 

QO 

PH 

Heat  input  (J/in.) 

Weld  metal  (psi) 

200,000 

200,000 

150,000 

150,000 

125,000 

125,000 

100,000 

100,000 

75,000 

75,000 

'  Yield 

87,165 

84,766 

91,134 

88,072 

87,868 

89,787 

93,167 

97,634 

94,368 

94,752 

Tensile 

Reduced  section  (psi) 

107,074 

105,798 

106,983 

107,649 

107,688 

106,956 

107.867 

109,461- 

105,885 

106,011 

Yield 

•  —  • 

90,370 

— 

89,164 

— 

93,023 

— 

95,852 

— 

89,914 

v  Tensile 

.  102,861 

102,262 

108,311 

105,896 

108,950 

102,844 

107,955 

106,353 

100,820 

103,279 

Charpy  V-notch  (ft-lb)  at 

80°F 

'  — 40°F  • 

— 40°F 

— 40°F 

— 40°F  1 

40°F 

— 40°F 

— 40°F  ■ 

-40°F 

— 40°F 

,,  Weld  .. 

9  - 

-  .  ,40  V 

.'-:31  :  : 

78  • 

•  28  .  > 

86 

•  .43 

\  76  -  - ■ 

29 

74- 

1  mm  ’• 

30 

'•  '  88 

>  53-. 

-  74  - 

-=•;  52 

'  76  - 

77  ' 

•  50 

46  ' 

52 

,’r3  mm 

-  41 

.  -  95  ’  ' 

48 

.  64 

48 

64 

38 

80 

33 

‘72 

;,5  mm  •  •' 

>22 

■  '56  . 

-  43  ■ 

102 

/  43  ' ' 

94  •' 

■  32 

103 

29 

91 

Rockwell  (B  scale)  • 

“  ' 

...  .  - 

■/  Weld  metal 

-  •  -  .98.2 

•'  '  98.6  7 

99.6  ' 

99.0 

‘  97.8 

.  98.4 

'  99.3' 

98.5 

.  98.7 

97.6 

•;  HAZ 

-  -94.3  ... 

' .  —  i.  ’ 

93.3 

— 

97.2 

— 

93.8 

— 

.  96.3 

■  -  Base  metal 

--96.6 

-  100.0 

100.1 

.100.0  ’ 

98.1 

93.7  ‘ 

'•  97.2  ' 

99.7 

99.0  ’ 

97.3 

Side  bends  ’ 

S 

■  S 

■  s  ’■ 

'  S 

•  S 

S 

S 

s  ■ 

-  S 

S 

(a)  QO  pUtei  precipitation  hardened  after  welding. 

.  (b)  PH  plates  precipitation  hardened  before  welding. 

■  ’  •  '  --  - 

■-  - 

Table  3 — 3-in.  Test  Plate  Results 

Table  4 — 2%-in.  Test  Plate  Results 

Welding  process 

- 

narrow  gap 

Welding  process 

pulsed  GMAW 

Heat  input  (J/in.) 

- 

72,600 

Heat  input  (J/in.) 

60,800 

Weld  metal  (psi) 

■  Weld  metal  (psi) 

■  Yield 

.  93,359 

Yield 

88,721 

'  Tensile  • 

•  -  105,791 

Tensile 

' 

101,604 

■  Reduced  section  (psi) 

.  *  -  *  * 

Reduced  section  (psi) 

1  ' 

Yield  , ,  ,  . 

•  ,  /.  -  , 

.'  93,961 

-  .  Yield 

92,433' 

Tensile  ...  ■'  ....•> 

'  *  * :  v  ■ 

>.■104,646 

-  Tensile 

.  .  '  .  100,134  ". 

Charpy  values  (ft-lb) 

v  o  — 40°F  ■ 

.  '.-Charpy  values  (ft-lb) 

— 40°F 

Weld  ;  ,  -  •  ■  . 

*  -•  - 

61  -• 

•  r  -.  Weld 

.  *  r 

79  ’ 

1  mm  .... '. 

/  "i.  7  -  *■ 

:  .  -112 

1  mm 

- .  ‘  •  . 

'-109  ■ 

.  •  -  3  mm  •  ;•  - . 

■■  ..  '73  ■-  - 

3  mm 

-  \  '  ;■ 

'  93 

-,■*5  mm 

*  ,  “  “  ; 

67 . 

5  mm 

-  r  *  *  : 

■--■  :  69 

.  Side  bends  -  '  .  .  V  : 

.***„“''  -  / 

“satisfactory 

Side  bends  -. 

'V:  /  :  -  ,  '-.r-  ■ 

.4  satisfactory 

Rockwell  hardness  (B  scale) 

-  •  ■  '•  . 

“-A*  ' 

4  unsatisfactory 

:  .Weld  -  .... 

-  --  97.9 

'  Rockwell  hardness  (B  scale)  • 

.  _  HAZ 

.V* 

..'-■96.8  - 

'  /  .  Weld 

-  v  -  ,  --  .  :  ■  ***.  - 

■  '97.8  - 

■  'Base  metal 

'  *  *  -  ‘  V 

.  .94.1  .' 

•  HAZ  , 

■  >■  - 

Base  metal 

. 

•  94.0 

'  '  .  .  y  V- 

'  ■  > 

Table  5 — 214 -in.  Test  Plate  Results 

-r  ' 

Welding  process  ’  ’  '  .  ‘ 

"  saw' 

.  .  >  Pulsed  GMAW 

-  SMAW  (flat) 

SMAW  (vertical) 

.  Heat  input  (J/in.) 

■  133,000 

59,000 

31,200 

41,200 

•.  Weld  metal  (psi)  •  •  5 

-  ~  - 

-  - 

Yield  ' 

93,237 

-  88,801 

broke  outside 

89,582 

Tensile 

107,956 

91,317 

gauge  marks 

•  100,905 

Reduced  section  (psi)  ,  . 

-  - 

-  ;  s 

.Yield 

87,719 

82,159 

.  .77,474 

90,555 

Ten'*,. , 

96,455 

94,147  .  . 

'  94,700 

98,517 

Charp,  ,'J.  ,  (ft-ib)  ‘  ■ 

* 

Weld  .  - 

23 

.  67  .  -  i 

21 

15 

1  mm 

63  > 

98 

’155  :  . 

.  136 

3  mm 

103 

145 

129 

151 

.  5  mm 

103  ' 

142 

192  “ 

117 

Side  bends 

satisfactory 

3 

satisfactory 

2  satisfactory 

unsatisfactory 

' 

1 

unsatisfactory 

2  unsatisfactory 

Rockwell  hardness  (B  scale) 

- 

• 

.Weld 

•HAZ 

98.2 

95.8 

106.8 

not  conducted 

..  Base  metal  -  ■ 

96.3 

92.9 

93.3 
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As  shown  in  Fig.  5,  he  weld  metal  strength  tends  to 
decrease  as  the  heat  input  increases,  but  remains  above  the 
80,000-psi  yield  level.  The  graphs  in  Fig.  6  sfiow  no  apparent 
relationship  between  heat  input  ancTfoughness  within  the 
ranges  studied. 

An  additional  3-in.  plate  was  welded  with  the  narrow  gap 
submerged  arc  process.  The  narrow  gap  joint  was  obtained 
by  using  a  backing  bar  and  spacing  the  square  edges  of  the 
plate  0.75  in.  (19  mm)  apart.  A  split  layer  technique  was  used 
to  avoid  problems  with  slag  lacking jp.to4he  sidewalls.  The 
favorable  results  are  shown  in  Table  3. 

One  2% -in.  test  plate  was  weiried  with  the  pulsed  gas 
'  metal  arc  process.  This  plate  was  welded  in  the  flat  position 
with  the  aid  of  a  mechanical  tractor  unit.  The  heat  input  on 
this  test  plate  was  calculated  to  be  approximately  60,800 
.  ,  J/in.  (2394  J/mm).  The  test  results  are  listed  in  Table  4. 

The  2  V4  -in.  test  materia!  was  also  in  the  quenched-only 
condition.  Four  test  plates  (Table  5)  were  welded,  precipita¬ 
tion  hardened  and  tested.  One  test  plate  was  welded  using 
the  SAW  process,  one  with  pulsed  GMAW,  and  two  using 
SMAW. 

s''  In  the  second  phase,  test  plates  4,  4 Vi,  5  and  6  in.  (102, 
114,  127  and  152  mm)  were  tested.  All  these  plates  were 
obtained  in  the  predpitation-hardened  condition.  Welding 
processes  used  included  SMAW,  GMAW,  SAW,  and  narrow 
gap  SAW.  Emphasis  was  given  to  the  submerged  arc 
processes  because  of  the  thickness. 

The  two  4-in.  plates  were  welded  first,  one  with  pulsed 
GMAW  in  the  vertical  position  and  the  other  with  SAW  — 
Table  6.  The  reduced  section  yield  results  show  averages 
above  the  80,000-psi  level.  The  base  metal  impact  values  are 
similar  despite  the  large  difference  in  heat  input. 

The  T’/a-in.  plate^  (Table  7)  were  welded  and  tested  using 
•  narrow  gap  SAW,  verficansMAW,  and  vertical  pulsed 
GMAW.  The  reduced  section  tensile  results  are  once  again 
alike,  along  with  base  metal  impact  values. 

Two  5-in.  test  plates  were  welded  with  SAW  and  narrow 
gap  SAW.  The  reduced  section  results,  given  in  Table  8,  are 
.  very  dose  to  each  other.  The  impact  results  in  the  base  metal 
are  again  similar,  while  the  weld  metal  results  differ  due  to 
the  difference  in  heat  inputs. 

The  two  6-in.  test  plates  were  also  welded  with  SAW  and 
narrow  gap  SAW,  and  these  test  results  are  displayed  in 
-  Table  9.  The  reduced  section  tensile  tests  both  exceeded  the 
.  80,000-psi  yield  level.  Once  again,  the  base  metal  impacts 
are  comparable.  The  5-mm  values  would  have  been  more 
comparable  if  not  for  one  unusually  low  specimen  value 
which  decreased  the  overall  average. 
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Fig.  5-  Weld  strength  vs.  heat  input 
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Table  6 — 4-in.  Test  Plate  Results 

Table  7— 4,/4-in.  Test  Plate  Results 

Welding  process 

SAW 

GMAW 

Welding  process 

narrow  gap 
SAW 

SMAW 

(vertical) 

GMAW 

(vertical) 

Heat  input  (J/in.) 

Weld  metal  (psi) 

191,000 

35,000 

Heat  input  (J/in.) 
Weld  metal  (psi) 

73,600 

52,000 

35,000 

Yield 

76,687 

99,396 

Yield 

96,741 

93,611 

105,633 

Tensile 

Reduced  section  (psi) 

105,879 

108,454 

Tensile  105,213 

Reduced  section  (psi) 

104,668 

111,371 

Yield 

83,995 

87,012 

Yield 

78,005 

79,664 

76,529 

Tensile 

Charpy  values  (ft-lb) 

97,974 

100,801 

Tensile 

Charpy  values  (ft-lb) 

89,816 

89,369 

87,898 

Weld 

11.5 

84 

Weld 

71 

33 

59 

1  mm 

86 

83 

1  mm 

139 

112 

160 

5  mm 

94 

82 

5  mm 

134 

117 

129 

Side  bends 

satisfactory 

3  satisfactory 

1  unsatisfactory 

Side  bends 

satisfactory 

satisfactory 

2  satisfactory 

2  unsatisfactory 

Table  8 — 5-in.  Test  Plate  Results 

Table  9 — 6-in.  Test  Plate  Results 

Welding  process 

SAW 

narrow  gap  SAW 

Welding  process 

narrow  gap  SAW 

SAW 

Heat  input  (j/in.) 

139,170 

72,200 

Heat  input  (J/in.) 

74,700 

147,334 

Weld  metal  (psi) 

Weld  metal  (psi) 

Yield 

78,222 

96,605 

Yield 

93,942 

82,788 

Tensile 

104,054 

104,992 

Tensile 

105,133 

90,035 

Reduced  section  (psi) 

Reduced  section  (psi) 

Yield 

78,448 

79,460 

Yield 

84,650 

80,955 

Tensile 

86,016 

89,996 

Tensile 

92,743 

94,445 

Charpy  values  (ft-lb) 

— 40°F 

— 40°F 

Charpy  values  (ft-!b) 

Weld 

37 

87 

Weld 

51 

64 

1  mm 

132 

135 

1  mm 

71 

77 

5  mm 

131 

172 

5  mm 

89 

59 

Side  bends 

unsatisfactory 

satisfactory 

Side  bends 

satisfactory 

unsatisfactory 

Conclusion 

The  weldability  of  the  A710  steel  is  excellent.  In  all  test 

Elates  welded  with  only  drying  preheat,  there  was  no 
ase-metal-related  cracking.  This  is  directly  related  to  the 
low  carbon  content  and  carbon  equivalent.  Even  though  the 
preheat  used  in  these  tests  was  minimal,  preheat  may  be 
required  during  construction  due  to  conditions  of  excessive 
restraint.  The  precipitation-hardening  chemistry  allows  the 
higher  heat  input  processes  to  be  used  without  restriction. 
The  only  restrictions  on  heat  input  appear  to  be  process 


Table  10-Chemical  Composition  and  Mechanical  Properties  of 
A710  with  Modified  Chemistry 


Chemical  Composition 


Carbon 

Manganese 

Phosphorus 

Sulfur 

Siicon 

Nickel 

Chromium 

Molybdenum 

Copper 

Cotumbum 

Boron 


0.07 

1.20-1.70 

0.025 

0.025 

0.40 

0.70-1.00 

0.10-0.50 

0.20-0.s0 

1.00-1.35 

0.02 

0.015-0.06S 

trace 


Mechanical  Properties 


UOl 

123,000  psi 
50  ft-lb  @  -SO'  F 


limitations,  joint  geometry,  and  good  welding  practices. 

The  cost  of  A710  is  lower  when  compared  with  HY-80, 
but  is  somewhat  higher  than  other  high-strength  steels  used 
in  other  industries.  The  lower  preheat  requirement  and 
excellent  weldability  of  this  steel  will  probably  lower  produc¬ 
tion  costs  and  cracking-related  repairs  enough  to  overcome 
the  slight  price  difference. 

When  A710  is  substituted  for  a  lower  strength  steel,  as  the 
Navy  is  considering,  costs  will  be  decreased  in  several  areas. 
The  increased  strength  level  allows  the  use  of  thinner  plates 
in  many  applications.  This  would  reduce  the  weight  of  the 
unit,  which  in  the  case  of  ships  or  offshore  drilling  vessels 
increases  the  payload.  The  amount  of  welding  consumables 
needed  would* be  reduced,  as  would  the  man-hours 
required  to  weld  it.  The  thinner  material  also  translates  into 
longer  plates  from  the  mill,  which  means  fewer  joints 
requirea  per  unit. 


Future  Plans 

Bethlehem  has  had  to  reduce  the  extent  of  Phase  3 
because  of  funding  reductions  in  the  federal  budget.  The 
goal  of  Phase  3  is  to  weld  the  A710,  using  the  modified 
chemistry  shown  in  Table  10,  with  a  minimum  100  ksi  (689 
MPa)  yield  through  3  in.,  with  only  minimum  preheat  and 
without  heat  input  limitations. 

The  materiarhas  been  procured  from  a  Japanese  source. 
The  delivered  price  was  52  centsAb  for  thicknesses  through 
Vk  in.  and  58  centwlb  for  thicknesses  of  3M  in.  through 
5  3A  in. 

Welding  processes  scheduled  to  be  tested  include  pulsed 
GMAW,  SMAW,  SAW,  narrow  gap  SAW,  and  consumable 
guide  ESW.  Work  is  progressing  on  this  phase,  and  initial 
results  indicate  that  we  wnl  attain  our  goal. 
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The  Benefits  of  a  Modified-Chemistry,  High-Strength, 
Low-Alloy  Steel 

John  C.  West1 


Introduction 

In  1982  Two  significant  events  in  ship  production  oc¬ 
curred,  almost  simultaneously. 

In  the  first  event,  the  goal  of  the  Naval  Ship  Engineering 
Center’s  (NAVSEA)  material  fabrication  improvement  MFI) 
program  plan  for  FY  1983-FY  1990  was  established.  Its  aim 
was  to  “reduce  shipbuilding  costs  through  improvement  of 
welding  processes,  materials,  technologies,  procedures,  and 
techniques;  while  simultaneously  improving  quality.” 

NAVSEA  had  found  that  over  11  percent  or  the  construc¬ 
tion  man-hours  needed  to  build  a  ship  were  devoted  to  struc¬ 
tural  welding  which  was  dominated by  the  manual  process. 
Sustained  preheat  and  interpass  temperature  controls  needed 
when  welding  HY-80  and  HY-lOO  cost  approximately  $1.5 
million  for  a  Tair-sized  vessel,  and  larger  umts  up  to  $15  mil¬ 
lion,  as  outlined  by  R.  R.  Irving  in  his  paper  “A  Cost  Effec¬ 
tive  Replacement  for  HY-80?”  in  the  May  16, 1986  issue  of 
Ron  Age  [1]? 

In  the  second  event,  we  at  Beaumont  were  deeply  involved 
in  worldwide  offshore  drilling  and  exploration  for  oil  and  gas. 
Our  purpose  was  to  design, -build,  and  continue  to  improve 
in  our  production  of  top-quality,  economical  drilling  rigs. 

Bethlehem-Beaumont  has,  over  the  years,  designed  many 
offshore  drilling  and  production  units  84  jack-ups,  several 
semisubmersibles,  and  production  platforms,  which  have  been 
built  at  Beaumon$  Singapore  Sparrows  Point  Durban,  South 
Africa  and  in  the  Peoples  Republic  of  China. 

Technical  development 

The  jack-up  rigs  are  classified  by  rated  water  depth— 150 
ft,  80  ft,  175  ft.  zOO  ft,  250  ft,  etc.  The  model  (Fig.  1)  has 
three  legs  or  columns  which  are  pierced  with  holes  when  the 
unit  is  built  to  permit  entry  of  the  jacking  and  fixed  pins. 
Surrounding  each  column  is  an  area  of  the  platform  known 
as  the  jack  nouse.  This  is  where  lifting  and  lowering  of  the 
mat  is  controlled. 


‘Bethlehem  Steel  Corporation,  Beaumont  Yard,  Beaumont,  Texas. 
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The  mat  resting  on  the  seafloor,  is  penetrated  by  the  three 
columns.  This  mat  deckrto-column  qonnectiori  is  shown  on 
the  attached  old  design :|  Fig.  2.  The  section  view  shows  the 
ABS  EH36  column  (21/z  in.)  and  the  ABS  EH36  wrapper  plate 
(13/4  in.)  tied  to  it  with  an  upper  and  lower  21/Z-in.-Py-3-in. 
fillet  weld  made  by  sub-arc  in  the  fabricating  shop.  Note  the 
gap  between  the  wrapper  plate  and  column  Detween  the  fil¬ 
let  welds  this  allows  the  plate  to  move,  or  “flex.”  The  draw¬ 
ing  callouts  are  for  100  percent  ultrasonic  test  inspection. 

The  weld  at  the  deck  is  made  with  E8018C-3  electrodes  and 
ground  to  a  7/8-in.  radius  on  the  handling  ways. 

“  Initially,  the  wrapper  plate  was  used  tor  easier  assembly 
of  this  vital  joint.  It  could  be  installed  as  a  coaming  on  the 
deck  and  columns  passed  through  it  and  tied  in  by  the  two 
fillet  welds.  Later  on  this  was  changed  as  previously  out¬ 
lined. 

The  original  joint  was  designed  to  flex  or  "breathe”  as  the 
loads  were  transmitted  between  the  column  and  the  dec! 
Failure  of  this  joint  can  be  catastrophic  and,  if  left  unat¬ 
tended,  serious  trouble  will  occur.  On  some  earlier  units,  the 


wrapper  plate  cracked  through  behind  the  upper  part  of  the 
deck  to  wrapper  plate  weld.  Then  the  wrapper  plate  had  to 
be  replaced,  under  difficult  conditions,  in  remote  parts  of  the 
world  such  as  Angola,  Brazil,  Egypt,  Gabon,  and  Southeast 
Asia.  On  many  occasions,  due  to  focal  limitations,  workers 
had  to  be  sent  from  the  United  States  or  Western  Europe. 

The  vast  costs  incurred  to  our  customers,  plus  the  drop  in 
their  “day  rate”  while  laid  up  for  repairs,  plus  American  Bu¬ 
reau  of  Shipping  (ABS)  insistence,  led  us  to  work  toward  a 
new  design  for  this  joint. 

The  new  design 

Figure  3  shows  a  sketch  of  the  new  design,  evolved  at 
Beaumont,  which  led  to  a  search  for  a  steel  5  1/2  in.  thick 
with  a  65-kai  yield  point  and  a  high  toughness  level. 

Discussions  between  Armco  amf  Bethlehem  personnel  led 
to  the  selection  of  their  W-COP”  for  this  application. 

"NI-COP”  was  made  to  ASTM  A710  for  general  applica¬ 
tions  and  ASTM  A736  for  pressure  vessel  use.  A736  was  cho¬ 
sen  for  our  application  because  of  its  stricter  testing  require¬ 


ments.  At  that  time,  Armco  had  not  produced  anything  thicker 
than  3  1/4  in.  and  were  not  sure  that  5  1/2  in.  could  be  pro¬ 
duced,  rolled,  and  welded  to  attain  a  65-ksi  yield  point. 

After  consultation  with  various  metallurgical  engineers, 
it  was  decided  to  purchase  the  2314-in.  and  51/2-in.  material 
in  the  quenched  condition  only.  We  would  roll  the  23/4-in. 
and  3-in.  at  Beaumont  and  subcontract  rolling  the  51/z-in.  to 
Wyatt  Industries  in  Houston.  Wyatt’s  -rolling  preheat  of  the 
5%+.  plate,  because  of  job  limitations,  was  limited  to  500”F. 
We  would  weld  up  the  subassembly,  including  the  dia¬ 
phragm,  a  15-in.  section  of  deck  plate,  and  the  lower  portion 
of  the  column  tube.  We  would  then  precipitation-haraen  the 
subassembly  in  our  furnace.  The  section  view  of  Fig.  3  shows 
this  in  detail. 

We  accomplished  this  with  the  three  column-to-mat  45-ton 
stub  subassemblies  for  the  fmt  rig  being  welded  and  heat- 
treated  by  March  8,  1982.  Succeeding  subassemblies  were 
also  done  in  this  fashion  at  a  later  date.  No  one  had  ever 
done  this  in  the  past. 

Average  yield  points  attained  were  83.2  Wifor  2314-in.,  77.1 
kai  for  the  3  in.,  and  70.7  ksi  for  the  51/2  in.  TheSe  are  re¬ 
corded  on  our  ABS-approved  ‘Welding  Procedures  335  and 
336”  dated  April  12,  1982.  V-notch  values  were  excellent  and 
thera  was  no  adverse  heat-affected  zone  (HAZ)  degradation. 

The  reader  is,  perhaps,  familiar  with  this  material  as  it 
is  also  known  as  HSFA-80  and  being  used  on  U.S.  Navy  ships. 
The  July  1985  issue  of  Welding  Journal  contains  an  excel¬ 
lent  paper,  “An  Improved  High  Yield  Strength  Steel  for 
Shipbuilding”  [2]  authored  by  F.  G.  Kvidahl  ofTngalls  Ship¬ 
building.  In  the  paper,  test  results  are  extensively  detailed; 
and  when  compared  with  HY-80,  a  better  product  for  less 
money  results. 


The  new  chemistry 

These  aforementioned  findings  were  fed  back  to  Armco  to 
assist  them  in  their  product  development  work.  On  March 
28,1983,  we  were  advised  that  Armco  had  developed  a  mod¬ 
ified  chemistry  for  A710  that  could  attain  a  guaranteed  min¬ 
imum  yield  point  of  100  ksi  through  2  in.;  and  that  the  stan¬ 
dard  chemistry  could  now  be  sold  at  an  80  yield  point 
minimum  through  1  1/4%  in.  We  were  informed  that  Armco  was 
planning  to  sell  this  to  the  U.S.  Navy  in  place  of  HY-80. 
Verbal  quotes  at  that  time  were  58  cents/lb  for  the  standard 
chemistry  and  63  cents/lb  for  the  modified. 

In  late  September/early  October  of  1983,  it  was  learned 
that  Armco  would  close  its  Houston  works  and  that  the  above 
products  would  be  no  more.  At  that  time  we  received  some 
of  Armco’s  development  data  and  documents  that  further  en¬ 
dorsed  the  belief  that  this  product  really  had  the  potential 
to  replace  HY-100. 


Request  for  MarAd  study  funds 

The  preceding  events  led  us  to  propose  to  the  5P-7  Weld¬ 
ing  Panel  of  SNAME  on  November  10,  1983,  the  study 
YEvaluate  the  Benefits  of  Higher-Strength  HSFA  Steels.”  On 
February  13,1984,  we  were  advised  that  5P-7  had  approved 
the  study  and  a  formal  contract  for  $95000  for  the  r~t-year 
funds  would  be  forthcc-tink  fkom  the  Maritime  Administra¬ 
tion  (MarAd). 

WorkreommencTEd  in  August  1984  to  accomplish  the  goals 
listed  ii  Table  1,  without  using  sustained  preheat  andlim- 
ited  hear  input. 


Accomplishments 

In  May  1986,  we  met  our  goals  and  completed  Phases  1 
and  2  within  budget. 
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The  welding  processes  used  were  manual,  gas  metal-arc 
with  pulse,  ana  submerged  arc  (single,  dual  arc,  and  narrow 
gap).  Heat  inputs  varied  from  50  D/in.  to  200  D/in.  Some 
plates  were  welded  in  the  quenched-only  condition,  and  pre¬ 
cipitation-hardened  after  welding  others  vice  veraa.  Test  re¬ 
sults  obtained  in  3-in.  materiafshow  a  minimum  yield  of 
84.7  ksi  welded  at  200  D/in.  with  dual  arc  to  94.7  IcA  welded 
at  75  D/in.  with  the  same  process.  Charpy  V-notch  values 
were,  well  above  the  ABS  values  for  EQ5o  plates. 

Table  2  gives  test  results  of  Phases  1  and  2.  Note  that 
results  tor  welding  before  and  after  precipitation  hardening 
are  listed.  Beaumont  haa  done  this  in  production  runs  as  we 
have  a  17  x  17  x  85 -ft  car-  bottom  furnace.  We  do  not  rec¬ 
ommend  this  practice  for  overall  general  use.  The  soak  times 
and  temperatures  plus  cooling  rates  are  exacting  and  criti¬ 
cal.  Undivided  attention,  accuracy,  and  constant  monitoring 
are  required  to  be  successful.  There  is  no  room  for  error.  These 
items  may  be  too  costly  or  difficult  to  attain  in  a  production 
environment. 

In  general,  it  is  best  to  order  plate  with  the  desired  prop¬ 
erties  (yield  point,  percent  reduction  of  area,  V-notch,  and 
temperature)  in  its  fd  precipitation-hardened  condition  from 
the  mill. 


Table  1  Panel  Sp-7  study  goals 


Goal  and  Plate  Scheduled 

Phase  Thickness  cost  Time 


1  80  ksi  YP  . 

through  3  in. 

2  75  ksi  YP  . 

through  5  in. 
70isi  U  4  ■ 
through  6  in. 

3  100  ksi  YP 

through  3  in. 

4A  90  ksi  YP  r  . 

8Jhro^  l 5  in. 

through  6  in. 
4B  Publish  results 

Totals 


$95000 

1  year 

$75000 

9  months 

$70000 

6  months 

$100000 

1  year 

$50000 

9  months 

$390000 

4  years 

Table  2  Phase  1  and  2  results 


Future  plans 

In  May  1986  we  were  advised  that  MarAd  funds  would  no 
longer  be  available.  We  have  revised  our  estimate  to  perform 
Phsse  3  from  $70000  to  $51000  of  SP-7  funds  available  from 
canceled  or  completed  projects  with  a  December  completion. 
Our  goal  will  be  to  prove  that  A710  modified  chemistry  plate 
with  a  minimum  100  ksi  yield  point  through  3  in.  thickness 
can  be  successfully  welded  without  sustained  preheat  and  no 
heat  input  limitations. 

We  have  the  material  on  hand  through  53/4  in.  thickness; 
it  took  almost  one  year’s  time  to  procure  this. 

We  were  unable  to  fmd  a  U.S.  producer  willing  to  make 
anything  less  than  100  tone  of  modified-chemistry  100-kei 
yield  point  material,  therefore,  a  foreign  producer  filled  the 
gap.  The  22  tons  were  delivered  in  two  lots,  one  costing  52 
cents/lb  and  the  other  58  cents/lb. 

— A  comparison  of  the  modified  -Chemistry  plate  is  given  in 
Table  3  3md  the  mechanical  properties  for  materiaT  over  2 
in.  thick  id  Table  A.  1 

Completion  of  Phases  4A  and  4B  is  dependent  on  addi¬ 
tional  funds  becoming  available.  It  is  strongly  believed  that 
this  work  needs  to  be  done.  The  potential  savings  that  can 
be  realized  are  enormous.  Beaumont  is  unable  to  carry  on 
without  MarAd  support.  We  can  supply  100-kei  yield  point 
plate  in  3s/4in.,  41  t4in.,  4%  in.,  51  i^in.,  and  5s[d in.  thickness 
to  whomever  MarAd  selects  to  fimsh  the  job. 


ALL 


cha§W-I>  KWInsverse 


PRECIPITATION  HARDEN  AT  1050'F  FOR  165  MIN.  AFT 


K  PROCESS 


2-3/4  DC  &  AC 
SAW 

2-3/4 


WtiM- 

208  87.2  107  22 

175  89.2  108  22 


%  LE 

RA  W  F  1  M/M  3  M/M  5  M/M 


63  9  8 
58  II  10 


30 

64 


41 

27 


22 

20 


P/H  AT  1100»F  FOR  165  MIN.  AFTER  WELDING.  CHARPYS  AT  -40*F 

2-1/4  DC& AC  135  93.2  108  26  69  23  98  63  103  103 

2-1/4  VERT-STICK  65  S9.6  100  26  72  15  173  136  151  117 

P/H  AT  1050°  F  FOR  165  MIN.  AFTER  WELDING.  CHARPYS  AT  -40DF 

2-3/4  DC,:WAC  150  91.1  107  26  67  3  [  51  53  4s  43 

2-3/4  “  125  87.9  107  24  66  28  46  52  48  43 

2-3/4  n  100  93.2  107  26  67  43  58  77  38  32 

2-3/4  DC  ONLY  75  94.3  106  2  6  6S  29  15  46  33  29 

P/H  AT  1050°F  FOR  165  MIN.  PRIOR  TO  WELDING.  CHARPYS  AT  -40*F 

2-3/4  DCS:WAC  100  97.6  109  24  67  76  54  50 - 80 - 103 

2-3/4  “  150  88  108  24  69  78  109  74  64  102 

3  “  200  84.7  106  23  67  4094  88  95  56 

3  DC  ONLY  75  94.7  106  24  67  74  S6  52  72  91 

3  DC  &  AC  125  89.7  107  24  63  8696  76  64  94 

3  OCN.G.75  93.4  1  06  25  6  6  6  1  68  112  73  67 

2-3/4  VERT.  MIG.  9S  88.7  102  23  58  79  NO  109  93  69 


Benefits  and  potential  savings 

1.  The  savings  outlined  in  the  May  16,  1986  issue  of  Iron 
Age  [1]  are  factual.  Specification  and  use  of  A710  or  ita  mod¬ 
ification  will  make  them  a  reality. 

2.  Increased  weld  metal  "in  place”  per  man-hour.  Possible 
doubling  of  the  "in  place”  metal  with  sub-arc.  As  much  as 
50  percent  more  for  out-of-position  manual  welding. 

3.  Decreased  schedule  time  and  shorter  delivery  times. 

4.  Decreased  weMing  wire  costs. 

5.  Fewer  welding  repaira. 

When  A710  or  its  modification  replaces  a  lower-strength 
material,  the  following  savings  will  accrue,  as  a  reduction 
in  material  thickness  will  be  realized 

6.  The  use  of  lighter  material  decreases  the  deadweight 
of  the  unit,  thereby  increasing  its  payload  or  reducing  the 
power  requirements  to  propel  it. 


ALL  CUMVI  W&VERSE 


4 

DCs:wAC 

192 

84 

99 

30 

86 

94 

4 

VERT.  MIG. 

55 

87 

100 

84 

83 

82 

4-1/2 

SAW  -  NG 

73 

78.1 

90 

71 

.8 

134 

4-1/2  VERT  -  STICK 

55 

79.6 

90 

33 

112 

117 

4-1/2 

VERT.  MIG. 

73 

76.5 

88 

59 

160 

129 

5 

0C,:wAC 

140 

7a.4 

S6 

37- 

132 

131 

5 

SAW-NG 

75 

79.4 

90 

87 

135 

172 

6 

DC(&,AC 

130 

SO.9 

9s 

64 

77 

59 

6 

SAW-NG 

75 

S4.6 

92.7 

51 

71 

89 
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7.  Lighter  material  increases  the  length  or  width  of  plates 
ordered  from  the  mill.  This  in  turn  reduces  the  number  of 
butts  or  seams  required  in  the  unit’s  design.  Therefore, 
welding  requirements  are  further  reduced. 

8.  Thinner  higher-strength  plates  of  greater  surface  area 
to  construct  a  unit  will  reduce  plate  handling  times  at  the 
site.  Incoming  freight  bills  will  decrease  as  less  tonnage  is 
delivered  by  the  carrier. 

In  addition  to  the  above,  less  time  and  effort  will  be  ex¬ 
pended  by  architects  and  designers  in  producing  the  most 
economical  product. 
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1  Irving,  R.  R.,  "A  Cost-Effective  Replacement  for  HY-80?”  Iron  Age, 
May  16,  1986. 

2  Kvidahl,  L.  G.,  "An  Improved  High  Yield  Strength  Steel  for  Ship¬ 
building,”  Welding  Journal,  July,  1985. 


Metric  Conversion  Factors 

1  ft  =  0.3048  m 
1  in.  =  25.4  mm 
1  lb  =  0.45  kg 
1  kJ  =  0.948  Btu 
1  ksi  =  6.9  MPa 
°C  =  (°F  -  32)  x  s/s 


Table  3  Modified -chemistry  plate  comparison 


A710  Grade  A 

Class  3 

A710  Grade  A 
Modified 

c 

0.07 

0.07 

Mn 

0.40-0.70 

1.20-1.70 

P 

0.025 

0.025 

S 

0.025 

0.025 

Si 

0.40 

0.40 

Ni 

0.70-1.00 

0.70-1.00 

Cr 

0.60-0.90 

0.10-0.50 

Mo 

0.15-0.25 

0.20-0.50 

Cu 

1.00-1.30 

1.00-1.35 

Cb 

0.02 

0.02 

A1 

N/A 

0.015-0.65 

B 

N/A 

T 

Table  4  Mechanical  properties  for  material  over  2  in. 


TS  min 

75  ksi 

125  ksi 

YP  min 

65  ksi 

100  ksi 

%  E  min 

20 

20 

%  RA  "Z” 

"V”  ft/lb 

N/A 

50  @  -80° 

25 

°F  ftL” 

"V”  ft/lb 

30  L 

ABS  -  FQ70 
@  -76°F  MODU 

20  T 

1985  Table  B.2 

Discussion 


A.  D.  Wilson,  E.  G.  Hamburg,  and  J.  H.  Bucher,  Lukens  Steel 
Company 

The  information  reported  by  Mr.  West  is  of  great  interest 
to  us  because  of  our  similar  alloy-development  efforts.  Dur¬ 
ing  the  past  year,  we  have  also  evaluated  a  "modified”  A710 
chemistry  in  order  to  extend  the  strength  and  toughness  limits 
particularly  for  thicker  plates.  The  chemistry  that  we  have 
explored  is  given  in  Table  5  here  with,  which  compares  the 
range  for  ASTM  A710  Grade  A  and  the  typical  chemistry  of 
our  production  heats  of  HSLA-80  (A710A-3,  MIL-S-24645). 
All  of  our  A710-type  steels  are  produced  with  low-sulfur, 
calcium  treatment  practices  and  are  vacuum  degassed.  Al¬ 
though  the  copper  and  nickel  levels  are  slightly  higher  than 
typical,  the  significant  changes  in  our  modified  chemistry 
are  the  manganese  (1.45  percent)  and  molybdenum  (0.45 
percent)  levels,  which  were  made  to  increase  the  hardenabil- 


Table  5  Chemistry  (weight  percent)  of  select  A710  modified-chemlstry 
steels 


Typical 

Lukens 

HSLA-80 

A710A-3 

Lukens 

Modified 

A710 

ASTM 
A710 
Grade  A 

C 

0.06 

0.06 

0.07  max 

Mn 

0.55 

1.45 

0.40-0.70 

P 

0.007 

0.012 

0.025  max 

S 

0.003 

0.002 

0.025  max 

Cu 

1.10 

1.25 

1.00-1.30 

Ni 

0.85 

0.97 

0.70-1.00 

Cr 

0.70 

0.72 

0.60-0.90 

Mo 

0.20 

0.45 

0.15-0.25 

Si 

0.30 

0.35 

0.40  max 

Cb 

0.035 

0.040 

0.020  min 

ity.  The  levels  of  these  increases  are  similar  to  those  re¬ 
ported  by  Mr.  West;  however,  our  chromium  content  re¬ 
mained  at  about  0.70  percent  and  no  boron  was  added. 

Plates  from  0.5  to  8  in.  in  thickness  were  rolled  from  an 
ingot  cast  heat.  The  0.5, 1,  and  2-in.  plates  were  heat-treated 
by  austenitizing  at  1660°F,  water-quenching,  and  aging  be¬ 
tween  1120  and  1160°F.  The  4, 6,  and  8-in.  plates  were  twice 
austenitized  at  1660°F  and  water-quenched,  prior  to  aging 
at  1140°F.  The  results  of  the  tensile  and  Charpy  V-notch 
(CVN)  testing  are,  shown  in  Table  6  and  graphically  sum¬ 
marized  in  Fig.  4.  It  is  apparent  that  100-ksi  minimum  yield 
strength  can  be  met  through  8  in.  The  microstructures  of 
these  plates  are  principally  bainitic  in  all  thicknesses  as 
shown  in  Fig.  5.  As  the  plate  thickness  increased,  there  was 
the  expected  increase  in  grain  size  and  decreased  toughness. 


Lee  G.  Kvidahl,  Ingalls  Shipbuilding 

The  benefits  of  a  modified-chemistry,  high-strength,  low- 
alloy  steel  are  many.  Ingalls  Shipbuilding  has  fabricated 
several  thousand  tons  of  this  type  of  material  during  the 
construction  of  U.S.  Navy  ships  and  offshore  drilling  plat¬ 
forms.  Based  upon  this  experience,  concurrence  is  offered  with 
Mr.  West’s  basic  position  that  use  of  this  type  of  material 
will  reduce  costs. 

The  development  of  these  high-strength  steels  in  the 
thicknesses  described  in  this  paper  h-'_  *he  potential  for  ma¬ 
jor  reductions  in  costs  for  drilling  pLlfv.-  construction.  Ship 
fabrication  does  not  require  the  same  thickness  in  plates  as 
the  large  jack-up  platforms.  The  ability  to  weld  the  heavy 
plates  without  a  sustained  preheat  and  not  risk  a  propensity 
for  cracking  provides  the  fabricator  an  opportunity  to  use 
more  cost-effective  joining  methods.  The  excellent  weldabil¬ 
ity  and  fabricability  of  these  materials  reduce  rework  and 
the  associated  costs  of  repairs  and  increased  inspections. 

A  limiting  factor  in  the  use  of  this  type  of  material  could 
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Table  6  Mechanical  properties  of  A710  modified  steel  (optimum  heat  treatment) 


Thickness 

YS, 

UTS, 

in. 

ksi 

ksi 

Orientation 

‘/a 

117 

121 

L 

T 

1 

110 

117 

L 

T 


CVN  (ft-lb),  avg/min 
— 50°F 


2 

104 

117 

L 

T 

4 

94 

106 

L 

T 

6 

88 

99 

L 

T 

8 

87 

99 

L 

T 


110/97 

91/85 

111/98 

85/77 

107/93 

76/54 

94/83 

79/75 

117/112 

89/69 

86/78 

53/8 

97/51 

79/63 

98/79 

72/55 

69/54 


YS  =  average  yield  strength. 

UTS  =  average  ultimate  yield  strength. 


Strength  ksi  CVN  Energy  (Transverse ) at  -50° F.  ft-b 


Thickness,  riches 


□  Yield  Strength  □  Ultimate  Tensie  Strength 

□  CVN  Energy 

Fig.  4  Mechanical  properties  of  an  A710  modified,  quenched  and  aged 
(1120-1160°F)  steel 


be  the  welding  materials.  Although  not  specifically  ad¬ 
dressed  in  the  paper,  a  review  of  the  test  data  seems  to  in¬ 
dicate  that  the  weld  material  impact  properties  may  not  be 
as  tough  as  the  base  material.  The  experience  gained  by  Navy 
research  work  and  shipyard  producibility  studies  have  dem¬ 
onstrated  similar  results.  For  this  reason,  specifications  have 
been  developed  that  define  limits  on  process  parameters  due 
to  filler  material  properties  instead  of  base  material  prop¬ 
erties. 

To  fully  utilize  the  advantages  of  this  type  of  steel,  it  is 
suggested  that  research  work  be  accelerated  in  the  devel¬ 
opment  of  improved  filler  materials  that  would  provide  com¬ 
patible  properties  for  the  full  range  of  applications. 

David  Y.  Ku,  American  Bureau  of  Shipping 

In  accordance  with  ASTM  supplementary  requirements  for 
A"1 0  Grade  A  Class  3,  the  CVN  impact  values  shall  meet 
,u.  2”  rage  minimum  value  of  50  ft-lb  (69  J)  at  -80°F  (-62°C) 
for  longitudinal  specimens,  if  specified  in  the  order.  How¬ 
ever,  a  review  of  Phase  1  test  results  at  -80°F  (transverse) 
indicates  that  some  of  the  CVN  values  of  the  weldment  may 
not  meet  this  requirement.  Therefore,  can  it  be  said  that  this 
material  can  be  welded  without  sustained  preheat  and  al¬ 
most  unlimited  heat  input  as  indicated  in  the  abstract? 

The  A710  type  steels  obviously  have  attractive  features 
for  offshore  and  ship  applications.  However,  high  toughness 
levels  and  excellent  weldability  are  also  achievable  with  the 


lower-cost  thermomechanically  controlled  processed  steels. 
Would  the  author  care  to  comment  on  the  relative  merits  of 
the  two  different  approaches? 
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Table  7  Tensile  properties  of  1.25-inch-thick  A710  Grade  A  plate  with  various  heat  treatments* 


Heat  Treatment 

Lower  Yield 
Point,4  ksi 

Ultimate  Tensile 
Strength,  ksi 

Elongation 
in  1  in.,  % 

Reduction 
of  Area  % 

Q 

Water-quenched  from  165QT 

73.6 

98.9 

29 

79 

Q&PH 

Q  and  Harden  @  1100°F  for  30  min 

93.1 

104.8 

28 

78 

Q&S&PH 

Q  and  Strain  12%  and  Harden  @ 

HOOT  for  30  min 

102.0 

109.9 

26 

77 

°0.250-in.-diameter  by  lV-rin.  parallel  section  machined  from  V4T. 
‘0.2%  offset  yield  strength  rather  than  yield  point. 


George  E.  Kampschaefer,  K  &  L  Associates 

This  is  a  most  timely  paper  in  view  of  the  fact  that  the 
ASTM  A710  Grade  A  Class  3  type  steel  evaluated  has  now 
been  adopted  by  the  U.S.  Navy  as  a  HSLA-80  grade  with 
slight  refinements  that  will  be  used  selectively  in  place  of 
HY-80  in  order  to  save  material  and  fabrication  costs  [3]  (ad¬ 
ditional  references  follow  this  discussion).  Also,  the  find¬ 
ing  that  this  alloy  steel  has  the  capacity  for  higher  heat  in¬ 
puts  in  welding  without  significant  loss  of  notch  toughness 
means  lower  production  welding  costs  for  marine-type  con¬ 
structions,  where  thicker  platings  are  required  that  have 
significant  levels  of  notch  toughness.  These  findings  and  ex¬ 
periences  confirm  the  results  of  extensive  welding  research 
tests  which  Jesseman  and  Schmid  reported  at  the  1983  An¬ 
nual  AWS  convention  in  Philadelphia  [4].  Their  work  sug¬ 
gested  that  heat  inputs  up  to  125  kJ/in.  could  be  used  for 
welding  plates  2*/4  in-  thick  without  significant  effects  on 
the  HAZ  microstructures  and  toughness.  Also,  these  tests 
suggested  that  high  heat-input  procedures,  combined  with 
essentially  no  preheat,  interpass,  or  post-heat  temperature 
control  requirements,  make  the  alloy  an  ideal  material  for 
reducing  weld  fabrication  costs. 

Mr.  West’s  paper  alludes  to  another  very  important  char¬ 
acteristic  of  the  A710  alloy  steel  that  should  be  expanded 
upon.  This  concerns  the  cold-forming  capabilities  which  the 
A710  alloy  provides.  Approximately  3500  tons  of  lty.j-in.-thick 
A710  Grade  A  Class  3  plates  were  successfully  cold-formed 
to  an  outside  radius  of  7V2  in.  for  use  as  chord  members  for 
lattice-type  legs  for  Friede  &  Goldman’s  L-780  mobile  off¬ 
shore  rigs.  Approximately  99  percent  of  these  chords  were 
successfully  cold-formed  without  any  serious  surface  crack¬ 
ing  problems.  This  severe  cold-working  (more  than  9  per¬ 
cent  outer  fiber  strain)  did  not  adversely  lower  the  Charpy 
V-notch  toughness  below  the  ABS  requirements  at  — 40°F, 
as  established  by  actual  tests  conducted  on  the  cold-formed 
plates.  ABS  at  that  time  limited  cold  forming  to  3  percent 
maximum,  without  test  data,  to  prove  the  material  had  not 
lost  its  minimum  specified  toughness. 

For  the  Bethlehem  application,  the  A710  Grade  A  plates 
were  formed  in  the  as-quenched  condition  where  the  yield, 
strength  is  lower  and  consequently  easier  to  form;  and  after 
forming,  the  plates  were  precipitation  hardened  to  1000°F, 
which  increased  the  yield  strength  to  the  required  minimum 
value.  This  characteristic  of  precipitation-hardened  (PH)  steels 
lends  itself  to  easier  cold-forming  of  thicker  plating  or  the 
use  of  sharper  radii  for  formed  sections.  In  addition,  the  A710 
Grade  A  alloy  can  benefit  from  cold-forming  prior  to  its  PH 
heat  treatment  and  actually  provide  a  higher  increase  in  yield 
strength  without  any  loss  in  notch  toughness.  I  do  not  know 
of  any  other  construction  steel  on  the  market  today  that  re¬ 
sponds  this  favorably  to  cold-forming!  Bethlehem  was  the  first 


fabricator  to  take  advantage  of  this  benefit  and  it  is  a  trib¬ 
ute  to  their  aggressive  position  as  a  producer  of  top-quality, 
economical  mobile  drilling  platforms. 

Armco’s  extensive  research  on  the  metallurgical  charac¬ 
teristics  of  the  A710  Grade  A  alloy,  as  far  as  cold-straining 
is  concerned,  was  presented  to  the  Petroleum  Division  of 
ASME  in  1974  when  an  industrial  group  was  looking  for  an 
X-65  or  X-70  steel  linepipe  for  the  Canadian  Arctic  Gas  Line 
IB].  The  following,  data  illustrate  the  unique  characteristic 
of  A710,  Table  7  g  ves  the  tensile  properties  for  the  standard 
Class  3  heat  treatment  and  the  PH  heat  treatments.  It  should 
be  apparent  that  the  cold-straining  has  increased  the 
strengthening  response  of  the  precipitation-hardening  heat 
treatment  by  approximately  10  ksi!  Figure  6  illustrates  the 
full  Charpy  V-notch  transition  curves  for  the  same  three 
treatments  and  confirms  that  no  significant  degradation  in 
transition  temperature  has  occurred  as  a  result  of  the  severe 
cold  forming. 
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Author’s  Closure 

The  particular  steel  modification  presented  and  discussed 
by  Messrs.  Wilson,  Hamburg,  and  Bucher  is  one  of  several 
that  appears  to  have  the  ability  to  produce  a  100-ksi  yield- 
point  steel.  All  of  those  used  to  date,  such  as  Armco’s  mod¬ 
ified  "Ni-Cop,”  the  Lukens  product,  Laval  University’s  Pro¬ 
fessor  Krisnadev’s  work,  and  the  Kawasaki  product  we  are 
introducing,  are  of  the  extra-low  carbon,  nickel-copper  com¬ 
binations.  All  are  produced  with  low-sulfur,  calcium  treat¬ 
ment  processes,  and  precipitation-hardened.  All  are  weld¬ 
able  without  sustained  preheat  and  no  heat  input  limitations. 
Due  to  the  low  carbon  content  of  these  steels,  carbon  equiv¬ 
alency  calculations  can  be  dispensed  with.  All  have  the  po¬ 
tential  to  replace  HY-100  at  a  greatly  reduced  cost.  As  has 
been  stated,  the  Kawasaki  steel  costs  $0.58/lb,  delivered  in 
Beaumont. 

The  discussion  of  Mr.  Kvidahl  centers,  and  rightly  so,  on 
the  fact  that  the  welding  materials  are  somewhat  inferior  to 
the  base  metals.  Therefore,  the  welding  materials  become  a 
limiting  factor  in  obtaining  the  maximum  cost  reduction  made 
possible  by  the  base  materials.  There  is  full  agreement  on 
this  point;  the  observation  that  "a  chain  is  only  as  good  as 


D-7 


Test  Teaperature,  C 


-X2S  -100  -75  -SO  -25  0  2S 


its  weakest  link”  is  definitely  the  case  in  this  matter,  and 
accelerated  research  work  is  suggested  to  be  directed  to  this 
factor.  However,  it  must  be  realized  that  our  industry  is  only 
a  very  small  and  declining  part  of  the  welding  market.  Elec¬ 
trode  manufacturers  and  steel  producers  are  volume-profit 
oriented;  therefore,  alternating  the  "status  quo”  is  not  one 
of  their  strong  points. 

The  discussion  of  Mr.  Ku  questions  the  Charpy  impact  re¬ 
sults  at  — 80°F.  As  was  noted,  these  values  were  obtained  by 
precipitation  hardening  after  welding.  They  reinforce  the 
point  made  by  Mr.  Kvidahl  in  that  fire  welding  materials 
are  not  as  good  as  the  plate  materials.  As  shown  in  the  same 
group  of  results,  the  plate  itself  exhibited  satisfactory  re¬ 
sults.  The  relative  merit  of  steels  produced  by  the  thermo- 
mechanically  controlled  process  must  be  evaluated  thusly: 

1.  What  is  the  on-site  delivered  cost/pound  of  the  mate¬ 
rial? 

2.  What  is  the  yield  point,  percent  R  of  A  in  the  ”Z”  di¬ 
rection?  What  are  the  CVN  values  in  the  weld  and  heat- 
affected  zones? 

3.  Will  these  steels  be  readily  available?  Some  U.S.  pro¬ 
ducers  are  dismayed  by  the  huge  costs  that  they  must 
incur  to  become  competitive  in  the  very  limited  mar¬ 
ket. 

4.  What  is  the  in-place  cost  of  fabrication  and  assembly 


of  these  steels?  How  do  they  compare  with  the  modi- 
fied-chemistry  steels? 

Only  this  type  of  analysis  will  lead  to  the  proper  judgment 
of  these  types  of  steels. 

Mr.  Kampschaefer  broached  the  subject  of  the  cold-form¬ 
ing  ability  of  the  modified-chemistry  steels.  This  unusual 
trait  occurs  because  of  the  increase  in  yield  strength  that  is 
brought  about  by  the  precipitation-hardening  process;  ex¬ 
amples  of  this  trait  are: 

1.  A  3-in.-thick  A710  Grade  A  Class  3  plate  will  have  a 
yield  point  of  about  62  ksi  in  the  quenched-only  condition. 
After  precipitation  hardening  at  1050°F,  the  yield  strength 
will  approach  86  ksi  and  have  a  minimum  yield  point  of  80 
ksi.  Thus,  80/62  =  1.29,  which  provides  a  minimum  of  a  25 
percent  increase  in  the  forming  ability  when  using  existing 
equipment;  a  similar  percen  atre  decrease  in  the  fabrication 
costs  will  result. 

2.  A  3-in.  modified-chemistry  plate,  as  shown,  will  have 
a  yield  point  of  about  74  ksi  in  the  quenched  condition.  After 
precipitation  hardening  at  1025°F,  the  yield  strength  will 
approach  120  ksi  and  have  a  minimum  of  100  ksi.  Thus, 
100/74  =  1.35,  which  provides  a  minimum  of  a  30  percent 
increase  in  the  forming  ability  when  using  existing  equip¬ 
ment;  a  similar  percentage  decrease  in  the  fabrication  costs 
will  result. 


In  electing  to  take  advantage  of  these  potential  cost  re¬ 
ductions,  it  must  be  remembered  that  the  precipitation 
hardening  still  must  be  done.  It  is  imperative  that  adequate 
equipment  and  facilities  be  either  on  hand,  procured,  or  built 
to  accomplish  this  task,  which  is  normally  done  by  the  steel 
producer. 

Cold-forming  using  these  materials  needs  much  more  ex¬ 
ploration.  The  potential  is  beyond  imagination.  The  savings 
to  be  realized  in  other  industries  such  as  mining,  steel  struc¬ 
tures,  bridges,  refinery,  and  chemical  operations  need  to  be 
pursued.  We  at  Beaumont  are  proud  to  nave  been  a  pioneer 
in  this  effort.  We  know  that  it  works. 

When  first  proposed,  this  project  was  to  extend,  in  four 
hases,  over  a  four-year  period.  The  results  of  Phases  1  and 
have  been  detailed  in  this  presentation.  Plans  have  also 
been  outlined  for  Phases  3,  4A,  and  4B,  provided  funds  be¬ 
come  available. 

In  the  last  part  of  Phase  4  (B),  we  would  show  that  steels 
using  extra-low-carbon  (0.07  and  down)  combined  with  var¬ 
ious  nickel-copper  combination  additives  could  be  produced 
to  almost  any  yield  point  desired,  while  maintaining  notch 


toughness.  These  yields,  and  other  properties,  would  be  at¬ 
tained  by  variations  in  the  precipitation-hardening  soak  times 
and  temperatures. 

Then  we  would  advocate  using  these  products  to  replace 
all  other  steel  plates,  running  the” gamut  from  ASTM  A514, 
517,  and  709  down  through  the  50" to  65-ksi  yield  point  level 
(A572,  588,  and  633).  The  savings  bv  eliminating  preheat 
and  heat  input  limitations  while  welding  are  beyond  com¬ 
prehension.  Replacing  basic  steels,  such  as  ABB  ordinary 
Grades  A,  B,  CS,  D,  DS  and  ASTM  .+36  with  a  50-ksi  yield 
point  nickel-copper  would  produce  measurable  material  and 
labor  savings.  Less  weight  and  less  welding  time  required 
to  complete  an  item  would  also  reduce  scheduled  time  to  pro¬ 
duce  the  same  item. 

We  realize  that  some  of  these  products  have  a  very  limited 
use  in  oux  industry.  However,  by  showing  users  (architects, 
engineers,  fabricators,  and  erectors)  in  other  steel  industry 
segmenk  the  merits  of  these  products  and  the  potential  sav¬ 
ings  possible,  broader  markets  for  these  products  would  de¬ 
velop.  Such  a  move  would  benefit  not  only  shipbuilding  but 
the  rest  of  the  steel  industry,  including  state-side  producers, 
as  well. 
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